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EXECUTIVE  SUMMARY 

Earth-sheltered  housing,  which  has  become  popular  in  recent  years 
for  energy  conservation,  offers  the  potential  for  production  of  a  great 
deal  of  fallout  shelter  space.  The  purpose  of  this  study  is  to  explore 
some  of  the  technical  and  institutional  issues  which  must  be  addressed 
if  this  potential  is  to  be  realized. 

During  a  prosperous  year  the  housing  industry  may  construct  as  many 
as  two  million  conventional  units.  It  is  interesting  to  note  that  if 
all  of  these  were  earth-sheltered  structures  of  average  size,  this  could 
produce  enough  fallout  shelter  space  for  the  entire  population  of  the 
United  States.  Even  if  only  a  small  fraction  of  the  units  built  each 
year  were  earth-sheltered,  a  significant  addition  to  the  nation's 
inventory  of  fallout  protection  could  be  realized  in  a  few  years. 

Earth-covered  residences  give  fallout  protection  greatly  superior  to 
the  basements  of  frame  dwellings.  With  careful  attention  to  design  and 
making  relatively  inexpensive  modifications,  earth-sheltered  residences 
also  can  provide  very  high-grade  fallout  protection  over  much  of  their 
floor  area.  With  the  same  design  modifications,  they  provide  very  high 
protection  from  a  wide  variety  of  natural  disasters. 

For  some  additional  expense,  an  earth-sheltered  residence  can  be 
modified  at  no  loss  of  floor  area  of  function  to  be  upgradable:  in  a  few 
days  to  resist  one  to  two  atmospheres  of  blast  overpressure.  Carrying 
out  this  operation  in  a  crisis  involves  the  movement  of  many  tons  of 
earth.  Either  excavation  equipment  or  a  large  labor  force  would  be 
required. 

Many  examples  of  attractive  earth-sheltered  residences  exist.  It 
has  been  amply  demonstrated  that  they  can  be  designed  and  constructed  to 
have  quite  pleasing  interior  environments  and  exterior  appearance. 
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The  largest  problem  preventing  widespread  adoption  of  earth- 
sheltered  housing  is  that  construction  costs  are  20-40%  more  than 
comp-arable  aboveground  conventional  frame  housing.  This  cost  can  be 
partially  offset  by  tne  energy  savings  inherent  in  good  earth-sheltered 
housing  design.  Properly  designed,  such  homes  can  save  20-60%  of  the 
energy  used  even  by  well-designed  frame  houses.  The  energy  costs  make 
the  life-cycle  cost  of  earth-sheltered  residences  more  nearly 
competitive  with  conventional  frame  construction.  The  life-cycle  cost 
of  a  home  is  forcefully  apparent  to  the  owner  in  his  combined  monthly 
mortgage  payment  and  utility  bills. 

Housing  developments  of  earth-sheltered,  single-family  residences 
offer  the  potential  of  reduced  lot  sizes  and,  hence,  reduced  land  costs 
over  what  would  otherwise  be  required  for  aboveground  construction.  In 
high-cost  suburban  areas  the  saving  in  land  may  amount  to  a  significant 
fraction  of  the  total  cost  of  the  home. 

Recent  very  high  mortgage  rates  (14-16%)  have  amplified  the  effect 
of  the  cost  disadvantage  of  earth-sheltered  housing  on  the  relative 
monthly  costs.  A  decline  of  mortgage  rates  to  more  traditional  levels 
would  ameliorate  this  disadvantage. 

Modern  technologies  of  concrete  construction,  particularly  the  use 
of  reusable,  modular,  metal,  concrete  forms  and  portable  scaffolding, 
can  further  erode  the  cost  disadvantage  of  earth-sheltered  structures. 
The  material  cost  of  a  concrete  structure  is  not  markedly  different  from 
that  of  a  frame  structure.  Much  of  the  extra  cost  of  concrete 
construction  is  the  labor  and  materials  in  the  single-use,  custom  wood 
forming,  which  is  comparable  to  the  labor  and  materials  required  for  the 
whole  house  of  frame  construction. 

As  part  of  the  study,  an  example  of  a  hazard-resistant  design  of  an 
earth-sheltered  residence  was  developed.  The  design  is  a  137. 5-m^ 
(1480-ft^),  solar-heated,  elevational  type  which  in  its  peacetime 
configuration  provides  complete  protection  against  tornadoes,  forest 


fires,  power  outages  in  cold  weather,  and  radiological  ground 

contamination.  After  upgrading  in  a  day  or  two  during  a  severe 

international  crisis,  the  example  design  will  protect  the  occupants 
against  one  atmosphere  blast  overpressure. 

In  order  to  realize  the  maximum  shelter  potential  from  this  type  of 
construction,  the  institutional  factors  affecting  its  wide-spread 

adoption  must  be  addressed.  The  identification  of  institutional 
considerations  and  policy  options  is  based  on  a  review  of  the  literature 
on  the  diffusion  of  innovation,  policy  implementation,  earth-sheltering 
and  impact  assessment.  It  has  further  depended  on  an  identification  and 
evaluation  of  institutional  issues  and  Darriers  viewed  by  a  panel  of 
experts  as  most  important  to  the  adoption  and  use  of  earth-sheltered 
structures.  A  summary  of  these  issues  and  those  policy  options 
appearing  to  offer  the  most  promise  for  the  rapid  diffusion  of 
earth-sheltered  structures,  and  a  brief  outline  of  a  potential 

implementation  anaTysis  is  offered. 

The  most  important  institutional  issues  associated  with  hazard- 

mitigating  earth-shelters  fall  into  two  categories:  issues  related  to 
the  desire  to  use  these  structures  and  issues  related  to  the  ability  to 
purchase  them.  In  the  first  category,  the  issues  of  livability, 
aesthetics,  and  soundness  of  investment  are  most  crucial;  in  the  second, 
the  critical  issue  is  the  availability  of  mortgage  money  at  attractive 
rates.  Moderately  important  issues  are  much  more  numerous,  and  include 
the  issues  of  conformity  to  a  socially  accepted  image,  innovation  in  the 
construction  industry,  financing  of  construction  loans,  access  to  (and 
egress  from)  the  structure,  and  societal  impacts  arising  from  policy 
initiatives  taken  to  stimulate  earth-sheltering. 

The  most  important  institutional  issues  associated  with  crisis- 

upgradeable  earth-she Itered  structures,  in  addition  to  those  identified 
above,  relate  to  the  desire  to  use,  the  ability  to  upgrade,  and  the 
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issue  of  emergency  use  for  evacuees.  Vital  issues  related  to  the  desire 
to  use  this  type  of  structure  concern  safety  and  the  perceived  threat  of 
nuclear  war.  The  issue  related  to  upgrading  is  the  availability  of 
specialized  equipment  (or  large  numbers  of  workers).  The  issue  of 
emergency  use  for  evacuees  concerns  legal  and  social  problems.  Two 
moderately  important  issues  relate  to  the  corrmunity-wide  effects  of 
using  crisis-upgradable  structures. 

A  total  of  n:ne  issues  associated  with  the  development  of 
earth-sheltered,  neighborhoods  or  communities  are  identified  as  most 
important.  Under  issues  related  to  the  desire  to  use  earth-sheltered 
structures,  neighborhood  esthetics  is  extremely  significant.  The 
availability  of  mortgage  money  and  the  ability  of  earth-sheltered 
neighborhooos  and  communities  to  reduce  costs  are  both  critical  issues 
related  to  the  purchase  of  earth  shelter  .  The  most  important  issues 
related  to  construction  are  the  financing  of  construction  loans  and  the 
difficulty  in  building  an  entire  neighborhood  or  comnunity  as  planned. 
Finally,  vital  issues  related  to  the  community-wide  effects  of  the 
adoption  of  earth-sheltered  structures  are  the  issues  of  housing 
density,  urban  form  neighborhood  concept  and  changes  in  the  image  of 
the  city.  Moderately  important  issues  are  those  on  land  use  regulations 
and  the  limited  experience  of  planners  and  regulators,  both  related  to 
the  construction  of  earth-she 1 tered  buildings. 

A  number  of  specific  policy  options  have  been  identified  as  offering 
the  most  promise  for  addressing  the  goals  of  adopting  an  earth-sheltered 
program.  This  selection  was  based  on  an  evaluation  by  a  panel  of 
experts  and  on  the  option's  ability  to  score  favorably  on  a  number  of 
evaluation  criteria. 

Education  and  financial  incentives  appear  to  be  the  most  promising 
policy  options  for  each  of  t.ne  component  goals.  Educational  programs 
may  need  to  be  targeted  to  potential  adopters  ( i . e . ,  home  buyers)  and  to 
critical  elements  of  the  inf restructure  (e.g.,  the  financial  community, 
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builders  and  developers,  appraisers,  and  roal  estate  firms).  The 
substance  of  the  education  programs  include  verification  of  the 
livability  and  aesthetics  of  hazard-mitigating,  earth-sheltered 
structures  and  information  regarding  financial  considerations,  including 
the  existing  availability  of  loan  money  and  resale  opportunities.  Such 
a  program  might  include  the  development,  validation  and  dissemination  of 
housing  plans,  the  dissemination  of  financial  information,  and  actual 
demonstrations  of  such  facilities  for  those  potential  adopters  requiring 
personal  experience  with  earth-sheltered  structures.  Information 
regarding  the  hazard-or  crisis-mitigating  features  of  earth-sheltered 
housing  is  not  considered  to  be  an  important  element  of  such  a  program; 
in  fact,  it  might  be  counter -product ive. 

Among  the  financial  Invent ives  considered  (tax  credits  or, 
deductions)  low-interest,  assumable  loans;  and  construction  loans)  are 
the  most  viable  options.  Among  these,  construction  loans  might  be 
favored  becaise  of  ease  of  administration.  It  will  be  necessary  to 
assure  that,  whatever  financial  incentive'  are  selected,  these  policies 
do  not  inequitably  impact  different  population  segments.  This  is 
particularly  the  case  when  the  program  deals  with  the  provision  of 
protection  from  potential  natural  or  man-made  hazards  or  crises. 

For  cr Isis-upgradable  structures  it  may  also  be  important  to  assist 
In  the  provision  of  resources  for  upgrading  (e.g.,  materials,  equipment, 
labor)  and  supplies  (e.g.,  food,  water,  and  medical  supplies)  for  ihe 
use  of  such  structures  in  the  event  of  crisis  (e.g.,  food,  water,  and 
medical  supplies).  While  local  governments  might  assume  the  lead 
responsibi  1  ity  for  planning  for  an  implementing  the  provision  of  such 
resources,  the  federal  and  state  governments  might  assist  through  bulk 
procurement  policies. 

Finally,  in  addition  to  education  and  financial  incentives  for  the 
development  of  earth-sheltered  ne ighborhoods  and  communities,  it  may  be 
useful  for  local  governments  to  revise  existing  land  use  regulations  to 
allow  greater  housing  density  for  such  ^plications.  This  would  allow 
reduction  in  unit  cost  and  enhance  the  ability  to  develop  integrated 
community  or  neighborhood  housing  plans. 
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CONVERSION  FACTORS  FOR  SI  UNITS 


English  units  have  been  retained  In  the  body  of  this  report.  The 
report  Is  directed  principally  to  the  construction  industry,  and  refers 
to  commercially  available  materials  and  sizes  commonly  expressed  In 
English  units.  The  report  quotes  extensively  from  earlier  work  ex¬ 
pressed  entirely  In  English  units.  Conversion  factors  for  SI  units  are 


given  below: 

To  Convert  From: 

To: 

Multiply  By: 

Foot  (ft) 

Meter  (m) 

0.304a 

Square  Foot  (ft?) 

Square  Meter  (m2) 

0.0929 

Cubic  Feet  (ft^) 

Cubic  Meter  (*3) 

0.0283 

Inch  (In.) 

Meter  (m) 

0.0254 

Mile  (ml) 

Meter  (m) 

1.609 

Square  Foot  (ft2) 

Meter  (m) 

.0929 

Pound -Force/ In2  (psl) 

Kllopascal  (kPa) 

6.894 

Atmosphere  (14,7  psl) 

Kllopascal  (kPa) 

101.4 

Gravity  (32.2  ft/sec2) 

Meter/sec2 

9.8 

I 
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HAZARD  MITIGATION  POTENTIAL  Of 
EARTH-SHELTERED  RESIDENCES 


ABSTRACT 


Earth-sheltered  residences  have  become  popular  in  recent  years  for 
their  energy  conservation  and  environmental  advantages.  Those  with 
earth  covered  roofs  and  walls  offer  great  inherent  protection  against 
many  natural  and  man-made  hazards  including  especially  tornadoes,  power 
outages  in  cold  weather,  forest  fires  and  radioactive  fallout.  U.  S. 
residential  construction  in  a  single  good  year  can  produce  200  million 
of  floor  space.  If  only  a  few  percent  of  this  were  earth- 
sheltered,  in  a  few  years  a  significant  addition  to  the  nation's 
inventory  of  fallout  protection  could  be  realized.  Slight  modifications 
of  the  designs  can  enhance  fallout  protection  at  negligible  cost  and 
provide  blast  protection  at  moderate  cost.  Drawings  of  an  example  of 
such  a  design  are  included  in  the  report. 

The  principal  disincentive  for  earth-sheltered  construction  is  the 
20  to  401  increase  in  cost  per  unit  area  over  conventional  frame 
construction.  Methods  to  reduce  this  include  volume  production,  smaller 
lots,  use  of  precast  units,  and  reusable  forms. 

In  addition  to  cost,  important  institutional  issues  affecting  the 
homebuyer's  decision  to  purchase  an  earth-sheltered  residence  are  the 
structure's  livability,  aesthetics,  and  soundness  of  investment  and  the 
availability  of  suitably-trained  and  equJpped  contractors  and  mortgage 
money  at  attractive  rates. 

The  most  promising  policy  options  for  promoting  the  adoption  of 
earth-sheltered  structures  are  education  and  financial  incentives. 
Educational  measures  include  verification  of  the  livability  and 
aesthetics  of  hazard-resistant,  earth-sheltered  structures  and 
information  on  existing  availability  of  loan  money  and  resale 
opportunities.  A  program  to  implement  these  policies  might  include 
validation  and  disseminat ion  of  housing  plans  and  financial  information 
and  demonstration  construction. 
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1.  INTRODUCTION 
1.1  Program  Goals 

In  recent  years,  earth-sheltered  structures  have  been  the  object  of 
considerable  favorable  attention,  largely  because  of  their  energy  saving 
attributes.  Another  strength  of  this  type  of  structure  is  its  ability 
to  protect  the  occupants  from  hazards,  both  natural  and  man-made.  It  is 
this  combination  of  attributes,  particularly  the  latter,  which  has 
stimulated  the  interest  of  the  Federal  Emergency  Management  Agency 
(FEMA)  ir.  earth-sheltered  structures.  Specifically,  FEMA  is  interested 
in  exploring  ways  to  increase  the  inventory  of  individual  earth- 
sheltered  structures  and  entire  neighborhoods  that  will  provide  ef¬ 
fective  protection  for  occupant  while  avoiding  the  need  for  significant 
federal  expenditures. 

FEMA's  interests  in  earth-sheltered  structures  are  actually 
three-fold.  The  Agency  is  interested  in  exploring  ways  to  accomplish 
the  following 

1.  Encourage  private  sector  adoption  of  hazard-mitigating  earth- 
sheltered  structures.  Such  structures  are  resistant  to 
peacetime  hazards  (like  tornadoes,  earthquakes,  or  brush  fires) 
and  provide  protection  against  radioactive  fallout  without 
upgrading.  Many  of  the  earth-sheltered  houses  oui It  in  recent 
years  provide  similar  levels  of  natural  hazard  protection  and 
could  have  been  made  to  provide  protection  from  radioactive 
fallout  as  well  with  some  small  design  modif ications. 

2)  Encourage  private  sector  adoption  of  crisis-upgradable 
earth-sheltered  structures  in  areas  where  this  level  of 
protection  is  considered  necessary.  A  crisis-upgradable 
structure  is  defined  as  one  that  is  resistant  to  peacetime 
hazards  and  can  be  upgraded  in  roughly  one  day’s  time  to 
withstand  an  explosion-induced  overpressure  or  one  to  two 
atmospheres. 
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3)  Encourage  private  sector  development  of  entire  earth-sheltered 
neighborhoods  or  communities. 

In  order  to  effectively  encourage  private  sector  adoption  of 
earth-sheltered  structures,  it  will  be  helpful  to  review  technical 

•i  I 

attirbutes  of  the  building  type,  the  institutional  issues1  that  may 
inhibit  its  adoption  and  use,  and  those  public  policy  options  with  the 
potential  to  remove  any  significant  barriers.  These  subjects  were  the 
focus  of  a  study  conducted  over  the  last  year  by  staff  at  Oak  Ridge 
National  Laboratory  (ORNL),  and  will  compose  the  substance  of  this 
report.  The  primary  emphasis  of  this  study  was  on  the  use  of 
earth-sheltered  structures  in  the  residential  sector,  placed  at  low  to 
moderate  densities.  Where  the  relevent  issue*-  and  options  vary  with  the 
different  goals  identified  above,  this  will  be  noted. 

1.2  Report  Outline 

Following  this  introduction,  this  report  is  organized  into  eight 
major  sections.  Section  Two  presents  background  information  in  earth— j 
sheltered  housing,  including  its  historical  development  and  the  current: 
state-of-the-art.  In  Section  Three,  a  technical  review  of  earth- 
sheltered  housing  is  given,  focusing  on  hazard  mitigation  potential,  the 
advantages  of  earth-shelter,  critical  design  parameters,  a  cost 
comparison  with  conventional  residential  structures  and  various  cost  re¬ 
duction  strategies.  Section  Four  identified  hazard-mitigating 
techniques  that  might  be  incorporated  at  moderate  cost  and  provides  a 
sample  design.  In  Section  Five,  the  focus  shifts  from  the  technical 
aspects  of  earth-sheltering  to  a  brief  discussion  of  the  process  of 
adoption  and  diffusion  by  which  a  new  technology  becomes  accepted  by 

^Institutional  issues  are  broadly  defined  here  as  those  issues  related 
to  the  social  institutions  and  intereact ions  necessary  for  adoption 
of  a  technology,  as  opposed  to  those  technical  issues  directly 
related  to  the  physical  characteristics  of  the  technology  itself. 
Examples  of  institutional  issues  that  are  important  to  the  adoption 
of  earth-sheltered  structures  are  the  availability  of  mortgage  money 
at  attractive  rates  and  the  effects  of  land  use  regulations 
promulgated  by  local  governments.  j 
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society.  This  is  followed  by  a  discussion  of  major  institutional  issues 
associated  »  i  program  goals,  and  their  relative  importance  to  the 
adoption  process.  In  Section  Seven,  a  set  of  criteria  for  evaluating 
policy  options  is  presented,  followed  by  a  discussion  of  the  most 
promising  policy  options  that  can  be  used  to  meet  program  goals. 
Section  Eight  presents  some  information  on  the  major  organizations 
likely  to  be  involved  in  policy  implementation,  and  the  report  ends  with 
a  brief  set  of  conclusions  and  recommendations. 
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2.  BACKGROUND  OF  EARTH-SHELTERED  HOUSING 

2.1  HISTORICAL  DEVELOPMENT 

The  use  of  underground  space  for  defense  purposes  dates  back  to 
prehistoric  times  and  has  continued  in  many  forms  throughout  recorded 
history.  Many  ancient  civilizations  used  buried  structures  or  spaces 
carved  out  of  solid  rock  to  protect  their  valuables,  including  their 
gods  and  their  temples.  In  many  areas  of  the  world,  people  have  used 
and  are  using  rock  caverns  and  other  earth-covered  structures  as  homes 
for  the  living  and  the  dead.  Examples  abound,  especially  around  the 
Mediterranean:  Egypt,  Greece,  Italy,  Turkey,  Saudi  Arabia,  and  Iran. 
India  and  China  also  have  many  such  structures.  There  is  an  underground 
Roman  villa  in  France  and  underground  Roman  Legion  barracks  in  Italy. 
Closer  home,  we  have  extensive  cliff  dwellings  used  by  the  ancient 
Indians  in  the  United  States. 

In  the  early  days  of  this  country,  settlers  used  underground 
structures  (cellars)  to  store  their  produce  or  vegetables.  As  the 
pioneers  moved  westward,  they  encountered  sandstorms  and  tornadoes.  The 
rcot  cellars  quickly  became  storm  shelters.  Although  modern 
refrigeration  has  reduced  the  number  of  cellars  being  used  for  f^od 
storage,  many  cellars  still  exist  and  could  be  used  for  shelter  in 
emergencies. 

Military  development  of  underground  structures  following  the 
development  of  the  artillery  shell  has  a  particularly  long  and 
successful  history.  Therefore  it  was  natural  for  civil  defense  planners 
to  look  to  underground  structures  to  protect  civilians,  first  from  enemy 
bombs  and  then  from  nuclear  weapons. 

2.2  STATE  OF  THE  ART 

The  popularity  of  earth-sheltered  construction  has  been  increasing 
in  the  United  States.  In  1972  only  a  few  earth-sheltered  structures 
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were  reported,  while  in  1982  Earth  Shelter  Digest  &  Energy  Report  had 
approximately  2500  earth-sheltered  structures  listed  in  their  data  bank. 
Some  observers  claim  that  less  than  half  of  the  existing  structures  are 
in  this  data  bank.  Figure  1  indicates  that  earth-sheltered  structures 
have  been  built  in  almost  every  state  in  the  United  States,  and  most  are 
residential  structures.  The  majority  of  these  structures  are  located  in 
the  Midwest  where  climate  conditions  are  relatively  severe.  These  areas 
are  subjected  to  very  cold  winters  and/or  experience  frequent 
destructive  tornadoes.  Citizens  concerned  with  the  abuse  of  land  and 
calling  for  "gentle  architecture"  gave  the  earth-sheltered  housing 
movement  additional  momentum. 

Various  materials  have  been  used  in  the  construction  of  present-day 
structures.  Concrete  is  the  most  widely  used  material  because  of  its 
load-bearing  capacity  and  resistance  to  decay  and  corrosion.  The 
concrete  may  be  poured  in  place,  prefabricated  at  the  factory  or  on 
site,  or  in  the  form  of  concrete  blocks.  Some  less  conventional  designs 
rely  entirely  on  wood  for  structure  as  well  as  finishing.  Attempts  to 
lower  the  cost  have  resulted  in  the  use  of  steel  culverts,  gunnited 
steel  forms,  and  fiberglass  tubes. 

Only  a  small  percentage  of  the  designs  is  other  than  residential. 
Construction  is  mostly  in  rural  areas,  though  the  impact  on  energy 
saving  and  land  preservation  would  be  more  significant  in  metropolitan 
(suburban)  communities.  The  designs  of  these  dwelling  are  tailored  to 
fit  any  imaginable  lifestyle  from  a  "$50  and  up"  wood-log  shack  covered 
by  polyethelene  for  waterproofing  to  very  expensive  residences.  The 
designs  are  generally  one-family  residences.  Figure  2  depicts  the  fleer 
plan  of  a  typical  one-family,  earth-sheltered  home.  Multiple  unit 
structures  have  also  been  built.  One  example  is  a  20-unit  structure 
built  into  the  hillside  for  use  as  an  off-campus  dormitory  (Earth 
Shelter  Digest,  1981).  The  structure  was  built  with  concrete,  steel 


beams,  and  precast  roof  planks  set  in  place.  The  facade  was  finished 
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with  wood,  enclosing  some  greenhouse  areas  in  the  south  face.  A  47-unit 
development  is  underway  in  St.  Pierre,  France.  This  Architerra^ 
underground  construction  employs  precast  concrete  panels  for  some  side 
walls  and  roof  (Sterling  et  a!.,  1981).  In  Minneapolis,  Minnesota, 
townhouses  were  built  next  to  a  very  busy  interstate  highway.  The 
12-unit  structure  faces  the  road  to  the  north  and  only  the  entrances  are 
visible  (Earth  Shelter  Living,  1983). 

The  multipurpose,  portable,  pod-shapeJ  house  in  Fig.  3  (called  the 
My-My)  is  being  marketed  in  Japan  by  Taisei  Construction  Company  as  a 
shelter  from  disasters.  Originally,  it  was  designed  to  be  used  for  a 
holiday  home  but  later  became  quite  popular  due  to  the  decreasing 
availability  of  land  for  building  in  Japan  (Taisei  Construction 
Company). 

Regardless  of  size,  these  homes  all  fit  the  general  taxonomy 

illustrated  in  Fig.  4.  Earth-sheltered  structures  are  divided  into  two 
basic  groups:  berm  (on  the  left  in  Fig.  4)  means  that  the  new  earth 
level  has  been  raised  above  the  existing  grade  to  accommodate  the  new 
structure;  chamber  (on  the  right  in  Fig.  4)  means  that  space  for  the 
building  was  excavated  beneath  the  existing  grade.  The  chamber  type  is 
less  intrusive  or  the  landscape.  These  two  groups  are  divided  into  four 
similar  subgroups: 

(1)  True  underground  (top  two)  with  spaces  isolated  from  the 

outside. 

(2)  Courtyard  or  atrium,  surrounded  by  interior  space  and  used  for 
entry  as  well  as  being  a  light  and  air  source. 

(3)  Elevational,  in  which  three  walls  and  the  roof  are  covered  by 

earth  and  the  fourth  wall  is  exposed  with  a  multitude  of 

windows.  This  style  is  the  most  popular  today  since  it  can 
collect  solar  energy  as  well  as  permit  a  view  of  the 

surroundings. 

(4)  Side  wall  penetration,  which  allows  expansion  in  the  future. 
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Fig.  4  A  Simple  Taxonomy  of  Terratechtural  Types 
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With  Increased  interest  in  earth-sheltering,  a  number  of  companies 
(Earth  Shelter  Corporation;  Terra-Dome  Corporation;  Tri-Steel 
Structures)  are  providing  franchise  services  including: 

(1)  Construction  training  for  builders; 

(2)  Licensing  contractors  to  build  the  franchiser's  designs; 

(3)  Design  and  construction  services  which  may  include  prelim¬ 
inary  feasibility  studies,  cost  estimates,  site  planning, 
detailed  architectural  and  structural  designs,  drawings  and 
specif ications,  and  on-site  construction  supervision; 

(4)  Marketing;  or, 

(5)  Mail  serve  sales  of  earth-sheltered  designs. 

Federal,  state,  and  private  funds  have  supported  research  at 
several  organizations  around  the  country.  Structural  techniques  have 
been  investigated  In  efforts  to  reduce  the  cost  of  earth-sheltered 
designs.  The  research  has  also  focused  on  earth  heat  transfer,  passive 
solar  means  of  space  heating,  materials  {construction  materials  as  well 
as  waterproof Ing  and  insulation),  code  and  zoning  laws,  cost  and  social 
Issues,  and  data  validation  and  experience  in  the  earth-sheltered 
environment.  Lead  work  was  performed  by  the  Underground  Space  Center, 
University  of  Minnesota.  The  research  done  by  or  subcontracted  by  this 
center  has  lead  to  numerous  books,  reports,  and  articles  dealing  with 
codes,  finances,  energy  analysis,  construction  practice  and  lists  of 
do's  and  don'ts  in  earth-sheltered  designs  (all  included  in  the 
Bibliography).  The  Center  for  Natural  Energy  Design,  School  of 
Architecture,  Oivision  of  Engineering,  Oklahoma  State  University, 
Stillwater,  Oklahoma  has  also  been  involved  in  research  dealing  with 
earth-sheltered  buildings. 

Two  major  contributions  to  the  °arth-sheltered  program  activity 
resulted  from  work  done  at  ORNL  (Shapira  &  Barnes,  1980;  Shapira  et  al., 
1983)  --  the  Joint  Institute  for  Heavy  Ion  Research  (JIHIR)  and  a  report 
Cost  and  Energy  Comparison  Study  of  Above-  and  8elowqround  Dwellings 
were  sponsored  by  the  Innovative  Structures  Program  and  the  Passive  and 
Hybrid  Heating  and  Cooling  Program  in  the  U.S.  Department  of  Energy. 


13 


1 

•  •  • 


To  date  a  vast  amount  of  information  and  literature  exists.  A 
bibliography  is  included  at  the  end  of  this  report.  Seminars  have  been 
offered  by  universities  and  private  contractors  for  sane  time.  Several 
conventions  haye  been  devoted  solely  to  earth-sheltering  (see 
Bibl iography). 
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3.  TECHNICAL  REVIEW 


3.1  HAZARD  MITIGATION 

Earth-covered  construction,  as  presently  practiced,  provides  a 
great  deal  of  protection  against  many,  if  not  most,  natural  and 

technological  disasters.  Surrounding  the  structure  and  covering  its 
roof  with  earth  protects  it  from  the  dynamic  presure  of  wind  of  any 

velocity,  extremes  of  heat  and  cold,  and  ionizing  radiation.  A 

completely  burled  structure  is  spared  some  of  the  shear  stresses 

generated  by  the  horizontal  shaking  of  an  earthquake. 

Earth-covered  structures  must  be  stronger  than  frame  construction 
to  bear  the  pressure  of  the  surrounding  soil,  and  are  usually  con¬ 
structed  with  considerable  margins  of  safety  in  design  strength.  The 
material  of  construction  is  usually  reinforced  concrete  in  the  U.S., 
although  steel  has  been  used,  as  well  as  self-supporting  excavations  in 
soft  rock.  The  greater  strength  of  the  structures  provides  protection 
against  exterior  loads  and  impacts  from  explosions  or  vehicles  that 
would  destroy  a  conventional  structure. 

The  earth  cover  and  non-combustible  structure  provide  great 
protection  against  external  fires  whether  of  natural  or  human  origin. 

Earth-covered  structures  usually  have  very  low  air  infiltration 
rates  and  can  be  made  almost  leak-tight.  This  is  advantageous  in 
reducing  heat  loss  in  cold  weather  or  designing  a  filtration  system  to 
exclude  undesirable  particulate  matter  (e.g.,  pollen)  but  requires  the 
installation  of  controlled  ventilation  to  control  humidity,  accumulation 
of  toxic  vapors,  and  radon. 

Earth-covered  structures  usually  have  limited  access  points  (doors 
and  windows)  which  makes  it  easy  to  protect  them  against  forcible 
entry. 

The  feature  motivating  most  earth-covered  construction  is  its  very 
low  heat  loss  in  cold  weather.  This  coupled  with  the  very  large  heat 
capacity  of  concrete  structures  make  undergound,  concrete  homes  ideal 
candidates  for  passive  solar  heating  through  skylights  or  a  partially 
exposed  south  wall. 
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The  degree  of  protection  afforded  by  earth-shel tered  residences 
against  natural  and  technological  hazards  is  sunmarized  in  Table  1. 

The  heading  "Conventional  Design"  refers  to  an  undefined 
representative  of  current  practice  in  earth-sheltered  residential 
construction.  The  term  "Hazard  Resistant  Design"  refers  to  an 
earth-sheltered  design  si ightly  modified  as  indicated  in  the  subsequent 

discussion  to  cope  with  that  hazard.  Five  levels  of  protection  are 

i 

identified: 

| 

|  (1)  Complete: 

No  reasonably  expected  severity  of  the  hazard  could  be 
J  expected  to  result  in  death  or  injury  to  the  occupants  if  they 

behave  prudently,  (e.g.,  stay  away  from  windows). 

(2)  High: 

Death  or  injury  to  occupants  only  from  unlixely  severity  of 
hazard  and/or  improbable  failure  of  structure. 

(3)  Moderate: 

Significant  protection  compared  with  frame  construction,  but 

I 

death  or  injury  likely  from  moderate  level  of  hazard, 
j  (4)  l  ow: 

Some  protection  compared  with  frame  construction  afforded  at 
!  low  levels  of  haza  J. 

(5)  None; 

No  protection  afforded  at  any  level  of  hazard  without  radical 
redesign. 

3.1.1  Natural  Hazards 

3.1. 1.1  Moving  Air  (Explosion,  Tornado,  Hurricane  Winds,  and 
Tnunderstorms 

Earth-covered  walls  simply  do  not  experience  any  dynamic  loads  from 
winds  of  any  origin.  The  effect  of  transient  overpressure  from 
explosions  on  earth-covered,  vertical  walls  is  attenuated  by  the  earth. 
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Table  1.  Hazard  Protection  Afforded  by 
Earth-sheltered  Residences 


Type  Hazard 


Protection  Afforded  by _ 

Convent iorTI  Hazard-Resistant 


Natural  Hazards 


Tornado 

High 

Complete 

Hurricane  Wind 

Complete 

Complete 

Thunderstorm  Gust 

Complete 

Complete 

Hai  1 

Complete 

Complete 

Lightning 

Complete 

Complete 

River  Flood 

None 

None 

Hurricane  Tide 

None 

None 

Dam  Fai lure 

Low 

Low 

Tsunami 

Low 

Low 

Avalanche 

Moderate 

High 

Landslide 

Low 

Low 

Mudsl ide 

Low 

Low 

Earthquake 

Moderate 

High 

Volcanic  Ash  Fall 

Low 

Low 

Volcanic  Lava  Flow 

Low 

Low 

Forest  or  Brush  Fire 

High 

Complete 

Technological  Hazards  - 

_  .  _  . 

Aircraft  Accident 

Moderate 

High 

Liquid  Fuel  Spill  and  Fire 

Low 

Moderate 

House  Fire 

Moderate 

Hi  gh 

Loss  of  Power  in  Cold  Weath 

er 

ice  storm,  blizzard, 
blackout,  oil  embargo 

coal  strike 

High 

Complete 

Toxic  Vapor 

Low 

Low 

Toxic  Aerosol 

Low 

High  w/abs 
f i 1  ter 

Reactor  Accident 

Radioactive  Aerosol 

Low 

High  w/abs 
f i 1  ter 

Ground  Contamination 

High 

Complete 

Nuclear  Weapon  Fallout 

Moderate 

High 

Blast 

Low 

Moderate 

The  negative  pressure  developed  in  a  tornado  is  resisted  by  the  weight 
of  earth  on  the  roof  and  by  ties  between  the  roof  and  the  walls. 
(Negative  pressure  is  responsible  for  much  of  the  damage  to  conventional 
buildings  from  tornadoes.) 

Hurricane  winds  and  thunderstorm  gusts  seldom  exceed  120  mph  and 
are  much  less  of  a  hazard  than  the  300-mph  winds  believed  to  occur  in 
severe  tornadoes. 

Elevational  earth-sheltered  structures  with  an  exposed  exterior 
wall  are  more  vulnerable  to  winds,  and  particularly  wind-driven 
missiles,  than  are  completely  buried  or  atrium  structures.  However,  the 
only  damage  likely  is  to  glass.  The  strength  of  the  concrete  wall 
required  to  support  the  roof  and  the  prestressing  of  that  wall  by  the 
weight  of  the  roof  and  soil  cover  make  any  structural  damage  from  wind 
highly  unlikely.  The  danger  from  glass  makes  it  advisable  for  occupants 
to  move  to  interior  rooms  during  violent  winds  that  come  from  the 
direction  where  windows  are  located. 

Storm  shutters  for  the  exposed  windows  could  be  installed  if  an 
owner  wants  complete  protection  from  storm  winds. 

Earth-covered  structures  provide  complete  protection  against 
’ightning. 

3. 1.1. 2  Moving  Water  (Flood,  Hurricane  Tide,  Dam  Failure  and 
Tsunami ) 

Rising  water  is  one  hazard  against  which  earth  cover  affords 
little  protection.  In  fact,  the  incentive  to  get  the  floor  elevation  as 
low  as  possible  to  reduce  earth  moving  costs  aggravates  the  flooding 
hazard  in  coastal  and  other  areas  subject  to  flooding.  Earth-sheltered 
structures  should  not  be  built  in  such  areas.  Completely  belowgrade 
residences  should  not  be  built  on  extensive  flat  terrain  subject  to 
heavy  rainstorms.  A  foot  of  standing  water  which  is  an  inconvenience  in 
abovegrade  construction  is  a  catastrophe  in  belowgrade  construction 
without  very  careful  and  expensive  designing  to  cope  with  it. 
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No  residence  of  any  kind  should  be  built  on  a  river  flood  plain. 
On  flat  terrain,  berm-type  earth-sheltered  construction  should  be  used, 
with  the  floor  higher  than  the  surrounding  grade.  Earth-sheltered 
structures  should  be  built  only  on  ground  higher  than  the  level  of 
likely  flooding. 

The  strength  of  the  earth-sheltered  structure  can  provide  more 
resistance,  relative  to  conventional  structures,  to  being  washed  away  by 
a  transient  water  flow  such  as  from  a  dam  failure  or  tsunami. 

3. 1.1. 3  Moving  Earth  (Avalanche,  Landslide,  Mudslide,  Earthquake, 
or  Volcano) 

Earth-sheltered  construction  of  proper  design  can  provide  great 
protection  against  rock  avalanches  and  complete  protection  against  snow 
avalanches.  Proper  design  includes:  no  openings  facing  upslope, 
adequate  strength  of  closures  of  roof  penetrations,  and  provision  of 
access  areas  for  the  reestablishment  of  ventilation  and  escape  tunnels. 

Earth-sheltered  construction,  by  virtue  of  its  strength  and 
anchoring  in  the  soil,  provides  more  protection  against  landslide  and 
mudslide  than  conventional  construction.  However,  it  is  far  from 
absolute  protection.  The  structure  is  less  likely  to  collapse  from 
smaller  slides,  or  near  the  edge  of  a  slide  than  is  a  frame  dwelling. 
However,  at  the  center  of  a  big  slide  the  forces  developed  can  greatly 
exceed  the  strength  of  the  structure. 

Built  to  existing  seismic  codes,  earth-sheltered  structures  can 
provide  almost  complete  protection  against  earthquakes,  provided  they 
are  not  engulfed  in  a  large  quake-caused  slide.  It  should  be  noted 
that,  if  seismic  construction  is  decided  upon,  attention  should  be  given 
to  potential  internal  hazards  generated  by  the  quake.  Care  must  be 
taken  to  assure  that  bookcases  and  cabinets  are  properly  anchored, 
lighting  fixtures  are  protected,  and  interior  partitions  are  of  proper 
construction. 
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Volcanoes,  in  addition  to  causing  landslides  and  mudslides,  can 
also  cause  mud  flows,  ash  falls  (meters  deep  sometimes),  lava  flows,  and 
toxic  vapor  clouds.  Very  marginal  protection  is  provided  against  these 
effects  by  earth-sheltered  construction.  On  warning  of  impending 
eruption  within  10  miles,  especially  upwind,  prudence  would  dictate 
temporary  evacuation. 

3. 1.1. 4  Forest  and  Brush  Fire 


The  earth  cover  and  non-combustible  structure  provides  complete 
protection  against  most  natural  fires.  Temporary  difficulties  could  be 
experienced  with  smoke  in  structures  high  on  a  steep  hill  above  a  large 
fire,  if  the  wind  has  just  the  wrong  direction  and  velocity.  In 
general,  most  forest  and  brush  fires  could  sweep  right  over  properly 
designed  earth  structures  without  any  danger  to  the  occupants.  When 
designing  for  an  area  subject  to  natural  fire  hazards,  some  common  sense 
must  be  used  to  avoid  exposed  combustible  insulation,  ventilatory 
acrylic  skylights,  and  wood  trim  and  doors.  Landscaping  and  planting  in 
these  areas  should  be  designed  with  fire  in  mind,  to  avoid  large 
accumulations  of  vegetation  next  to  windows,  doors,  skylights,  and 
ventilation  intakes. 

3.1.2  Technological  Hazards 

3. 1.2.1  Aircraft  Accident 


The  hazard  on  the  ground  from  aircraft  accidents  is  from  the  impact 
of  debris  and  fire  from  the  fuel.  By  far,  the  major  hazard  is  from 
fire.  If  the  aircraft  doesn't  impact  directly  on  the  earth-sheltered 
residence,  the  fire  from  the  crash  shoulu  pose  little  hazard  to  the 
structure.  Conventional  earth-shel tered  construction  offers  more 
resistance  to  impact  than  frame  construction,  but  not  enough  to  guaran¬ 
tee  safety.  High-scrength  construction  designed  for  earthquake 
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resistance  or  blast  protection  will  protect  against  everything  except 
impact  by  very  heavy  debris  (large  jet  engines,  for  example)  or  debris 
moving  horizontally  against  exposed  windows  in  elevational  designs. 

2. 1.2. 2  Liquid  Fuel  Spill 


WV 

.v 

_s 


Earth-covered  construction  is  greatly  superior  to  conventional 
construction,  but  not  absolute  in  its  protection  against  large  fires 
from  transportation  accidents.  In  particular,  those  resulting  from 
spills  of  liquid  fuel  from  a  plane  crash,  train  derailment,  tank  truck 
accident,  or  pipeline  rupture  can  present  a  severe  hazard  if  the  spill 
engulfs  the  structure.  The  hazard  will  be  reduced  if  the  precautions 
mentioned  above  have  been  observed  and,  in  addition,  the  soil  surface  is 
graded  to  slope  away  from  any  exposed  opening  into  the  structure. 


3. 1.2.3  House  Fire 


Earth-covered  structures  provide  as  little  protection  against  the 
hazards  of  an  internal  fire  fed  by  contents  and  furnishings  as  has  been 
afforded  by  so-called  "fireproof"  hotels  in  catastrophes  in  the  last 
several  years.  Only  sprinkler  or  other  extinguishing  systems  can 
provide  protection  against  this  hazard.  Limited  openings  for  egress  and 
ventilation  can  complicate  escape  from  and  the  fighting  of  an  internal 
fire  in  an  earth-covered  structure. 

3. 1.2. 4  Loss  of  Power  in  Cold  Weather  (Ice  Storm,  Blizzard,  Power 
Blackout,  Oil  Embargo,  Coal  Strike) 

Loss  of  power  is  not  a  severe  hazard  to  residences,  nor  is  cold 
weather;  but  the  combination,  especially  if  persistent,  can  be 
dangerous.  It  is  against  this  hazard  that  earth-sheltered  structures 
are  really  designed.  Their  very  low  heat  loss  rates  and  surrounding 
soil  temperatures  assure  that  pipes  will  not  freeze  if  the  doors  and 
windows  are  kept  closed  and  ventilation  minimized.  A  wood-burning  stove 
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or  fireplace  can  easily  maintain  a  shirt-sleeve  environment  in  much  of 
the  structure  as  long  as  the  wood  supply  lasts.  A  properly  designed 
structure  employing  passive  solar  heating  will  remain  comfortable 
indefinitely  even  with  numerous  cloudy  days. 

Drifting  snow  can  develop  into  an  egress  problem  if  entrances 
haven't  been  properly  designed.  Open  atria  can  be  completely  filled 
with  snow.  Exposed  south  walls  can  be  completely  covered  with  drifts, 
blocking  egress  and  solar  heating.  If  built  in  snowy  areas,  atria 
should  be  covered  (at  least  in  winter)  and  elevational  structures  need 
to  be  protected  by  snow  fences  or  tree  plantings.  In  any  case, 
emergency  exits  through  skylights  should  be  provided. 


3. 1.2.5  Toxic  Vapor  and  Toxic  Aerosols 


The  very  low  uncontrolled  infiltration  rate  characteristic  of 
earth-sheltered  structures  (and  very  well-constructed,  modern, 
conventional  structures)  offers  the  possibility  of  some  protection  from 
airborne  toxic  materials.  Appropriate  filtration  equipment  can  be 
installed  in  the  ventilation  system  to  be  switched  on  if  there  is  some 
reason  to  fear  airborne  toxic  materials. 

Toxic  vapors  such  as  ammonia,  chlorine,  phosgene,  radioiodine,  or 
sulfur  dioxide  require  expensive  charcoal  filters.  To  be  effective 
against  high  vapor  concentrations,  a  lot  of  charcoal  is  required. 
Transportation  and  industrial  accidents  releasing  such  vapors  have  been 
handled  by  evacuating  the  surrounding  population. 

Toxic  aerosols  can  be  removed  very  effectively  and  inexpensively 
with  high-efficiency  particulate  filters.  The  toxic  materials  can  be 
radiological,  biological  or  chemical  poisons  released  by  industrial 
accident  or  malevolent  act.  To  some  people,  ragweed  and  other  pollens 
are  toxic  airborne  biological  aerosols. 

3. 1.2.6  Reactor  Accident 


The  hazards  to  people  from  reactor  accidents  are  from  inhalation  of 
radioactive  airborne  materials  and  from  external  irradiation  from 
airborne  and  deposited  radioactive  materials.  Airborne  materials  may  be 
vapors  and  gases  (iodine,  xenon,  and  krypton)  and  radioaerosols  (all  the 


other  fission  products).  Outside  plant  boundaries,  inhalation  of  rare 
gases  does  not  present  any  real  threat  to  health.  Iodine  is  a 
potentially  serious  problem.  It  can  be  removed  by  charcoal  air  filters. 
Its  danger  to  humans  can  be  reduced  at  least  two  orders  of  magnitude  by 
ingestion  of  100  mg  of  potassium  iodide,  minutes  or  hours  before 
exposure. 

The  major  danger  from  reactor  accidents  is  inhalation  of  radio 
aerosols.  The  same  considerations  apply  as  for  toxic  aerosols  mentioned 
above:  a  little  protection  is  obtained  by  a  relatively  airtight 
structure,  but  almost  complete  protection  can  be  obtained  by  connecting 
an  absolute  filter  into  the  ventilating  system. 

High  protection  against  external  radiation  from  a  reactor  accident 
is  offered  by  almost  any  earth-sheltered  structure.  This  is  due  to  the 
fact  that  very  high  levels  of  ground  contamination  are  not  expected 
outside  plant  boundaries.  An  earth-sheltered  residence  designed  for 
fallout  protection  will  protect  occupants  adequately  against  lethal 
external  radiation  from  any  conceivable  reactor  accident. 


3. 1.2. 7  Nuclear  Weapon  Fallout 


The  earth-covered  roof  and  sides  of  earth-sheltered  residences 
provide  some  inherent  protection  from  fallout  radiation,  much  superior 
to  frame  houses.  However,  exposed  walls  and  large  windows  in  ele- 
vational  design  may  reduce  the  fallout  protection  factor  below  40  in 
areas  in  the  front  rooms. 

By  putting  planters  along  the  exposed  wall  and  sloping  the  ground 
away  from  the  wall,  exposure  from  tnis  direction  can  be  greatly  reduced. 
Arrangement  of  load-bearing  solid  walls  inside  to  shield  rear  rooms  can 
provide  sizable  areas  of  the  structure  with  a  protection  factor 
approaching  1000  in  their  day-to-day  configuration.  If  the  structure  is 
designed  to  be  crisis-upgradable,  very  high  protection  factors  can  be 
achieved.  Designing  the  patio  blocks  so  they  may  be  stacked  in  the 
windows,  and  making  other  provisions  for  piling  mass  against  the  front 
wall  can  result  in  protection  factors  of  several  thousanu  over  the 
entire  floor  area. 
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3. 1.2.8  Nuclear  Weapon  Blast 

Conventional  earth-sheltered  construction,  due  to  its  covered 
walls,  prestressing  load  on  exposed  walls,  and  safety  factor  ’n  roof 
strength,  is  somewhat  more  blast-resistant  than  abovegrade  frame 
structures.  Experience  with  nuclear  weapons  effects  on  conventional  and 
reinforced  masonry  residences  in  Operation  Teapot  in  1955  (Randall, 
1961)  suggests  chat  unmodified,  earth-sheltered  construction  should 
survive  6-7  psi,  compared  with  1-2  psi  for  frame  structures.  However, 
although  the  structure  may  survive  7  psi,  large  window  openings  would 
result  in  injuries  to  occupants  in  the  adjacent  rooms.  If  the  windows 
are  designed  to  be  covered  as  part  of  a  crisis-upgrading  procedure,  this 
danger  can  be  greatly  reduced. 

At  relatively  low  additional  cost,  the  reinforced  concrete 
structure  can  be  made  significantly  stronger  by  some  increase  in 
thickness  of  critical  walls  and  the  addition  of  some  steel 
reinforcement.  If  the  roof  is  designed  for  the  addition  of  columns  to 
reduce  span  length  as  part  of  a  crisis-upgrading  procedure,  very 
significant  blast  hardness  can  be  achieved,  in  the  range  of  one  to  two 
atmospheres  (15-30  psi).  Any  exposed  walls  must  be  designed  for 
corresponding  horizontal  loads  and  piled  with  earth  as  part  of  this 
crisis-upgrading  procedure.  A  concept  employing  these  techniques  is 
described  later  in  this  report  as  an  example.  This  concept  will  be 
referred  to  throughout  this  report  as  a  crisis-upgradable  structure  as 
opposed  to  hazard-mitigating  and  conventional  earth-sheltered 
structures. 

3.2  ADVANTAGES 

The  following  description  gives  some  of  the  important  advantages 
that  are  attributed  to  earth-sheltered  construction  (Chester  et  al., 
1979). 
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3.2.1  Reduced  Requirements  for  Heating  and  Cooling  of  the  Enveloped 
Sp'3ce 

The  thermal -tempering  effects  are  derived  from  two  phenomena  -  the 
earth  has  lower  seasonal  and  diurnal  temperature  fluctuation  than  the 
ambient  air  (see  Fig.  5)  and  the  average  earth  temperature  lags  behind 
the  average  ambient  temperatures  depending  on  the  depth  of  earth  cover. 
In  the  event  of  a  power  failure  during  extremely  cold  weather  with  no 
solar  input,  the  temperature  in  an  earth-sheltered  building  will  drop 
only  a  few  degrees  (e.g.,  from  58*F  to  52*F  in  24  hours).  On  the  other 
hand,  the  temperature  in  an  aboveground  dwelling  under  similar 
conditions  can  drop  below  freezing  in  the  same  time  (see  Fig.  6). 

3.2.2  Acoustical  Isolation  from  the  Outdoors 

Earth-covered  walls  and  roofs  have  enormous  acoustical  impedances. 
Earth-sheltered  structures  have  been  used  for  very  noisy  sites  such  as 
adjacent  to  busy  airport  runways  and  interstate  highways.  With  proper 
acoustical  design  of  ventilation  intakes  and  entrances  (e.g.  use  of 
vestibules),  an  earth-covered  structure  can  be  made  effectively 
soundproof.  Interior  noise  levels  are  usually  due  entirely  to  the 
ventilation  system  and  occupant  activities. 

3.2.3  Less  Interference  with  the  Surrounding  Landscape 

With  all  or  most  of  the  structure  below  grade,  visual  obstruction 
of  the  landscape  is  greatly  reduced.  Roof  contour  and  planting  can  be 
selected  to  make  the  landscape  appear  completely  undisturbed  when  viewed 
from  most  directions. 

3.2.4  Increased  Privacy  Compared  to  Conventional  Dwelling 

The  acoustical  and  visual  isolation  available  with  most 
earth-sheltered  desigi.s  can  greatly  reduce  the  disturbance  of  one 
neighbor  by  the  activities  of  another,  even  in  developments  with  very 
small  lots.  It  is  very  easy  to  avoid  housing  arrangements  which  have 
windows  of  one  house  looking  right  into  those  of  the  neighbors,  which  is 
so  common  in  housing  developments. 
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ng.  5  Approximate  Mean  Daily  Temperatures  for 
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Flq.  6.  Performance  of  the  Structure 
During  Power  Failure. 
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3.3  DESIGN  AND  CONSTRUCTION  PROBLEMS 


Some  problems,  if  not  dealt  with,  could  make  earth-sheltered 
structures  physically,  aesthetically,  or  psychological ly  unattracti ve. 
The  techniques  for  solving  most  of  these  problems  do  exist. 

3.3.1  Psycholoaical  Fear 


There  is  a  common  negative  reaction  to  the  idea  of  underground 
living.  Exposure  to  good  designs  will  undoubtedly  erase  misconceptions 
people  have  about  earth-sheltered  buildings.  People  who  actually 
experience  living  or  working  in  properly  designed  underground  space 
almost  invariably  are  enthusiastic  about  it.  This  has  been  the 
experience  with  the  JIHIR  and  the  Kansas  City  Underground. 


3.3.2  Lack  of  Visual  Depth 


The  lack  of  visual  depth  to  the  facade  can  be  compensated  by  use  of 
proper  combinations  of  finish  facade  material  well  blended  with  the 
adjoining  landscaping. 


3.3.3  Lack  of  Natural  Light 


Many  earth-sheltered  designs  lack  sufficient  lighting.  However, 
today  many  designs  integrate  direct  gain  space  heating  and  therefore 
employ  large  amounts  of  soutn  facing  windows.  Proper  interior 

arrangement  of  rooms  can  provide  adequate  lignting  for  all  interior 
rooms. 


3.3.4  Low  Infiltration  Rate 


Low  air  infiltration  rates  cause  problems  that  affect  weathertight, 
energy-efficient,  aboveground  homes  as  well  as  earth-sheltered  houses. 
This  can  create  potentially  hazardous  air  contamination,  undesirable 
odors,  and  high  levels  of  humidity.  The  inclusion  of  interior 
circulation,  natural  ventilation,  and  mechanical  or  forced-air 
ventilation  will  produce  an  acceptable  quality  of  indoor  air. 
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3.3.5  Condensation 

Condensation  has  been  a  problem.  In  many  cases  this  can  be  traced 
to  situations  in  regions  with  humid  summers  where  earth-sheltered  walls 
were  uninsulated.  Condensation  occurs  when  warm  humid  air  strikes  the 
cool  uninsulated  walls.  Insulation  of  the  walls  will  usually  prevent 
this  problem.  In  very  severe  humidity,  mechanical  airconditioning  to 
the  extent  present  in  most  homes  today  will  be  required. 

3.3.6  Water  Leakage 

Weatherproof ing  deserves  serious  attention.  Leaking  can  be  a 
problem  in  any  type  of  structure;  however,  locating  and  repairing  a  leak 
source  belowground  is  more  tedious  and  expensive.  Waterproof ing  must  be 
reliable.  Careful  site  planning  and  landscaping  will  control  the 
sources  of  water.  In  the  first  place,  sites  located  in  flood  plains  are 
to  be  avoided,  as  should  high-water-table  and  low-lying  sites.  Proper 
landscaping,  contours,  plantings,  drainage,  and  backfilling  will  reduce 
water  concentration  at  building  walls.  Waterproofing  must  also  include 
a  proper  skin  for  the  building  and  very  careful  details  for  any 
penetration  (e.g.,  vents,  skylights,  etc.).  See  Earth-Sheltered 

Structures  Fact  Sheets  03  and  04  on  waterproofing.  (University  of 
Minnesota,  1980,  1981. 

3.3.7  Loads  on  Walls  and  Roof 


Structural  engineering  must  account  for  additional  lateral  and 
vertical  loads.  Most  basements  are  not  adequately  designed  and  cannot 
be  used  as  examples  of  earth-sheltered  design. 

3.3.8  Cost 

Although  light,  commercial  underground  structures  can  be  directly 
competitive  with  equivalent  aooveground  structures,  earth-sheltered 
dwellings  invariably  cost  more  than  equivalent  aboveground  wood-frame 
houses.  How  much  more  is  still  hotly  debated  among  enthusiasts  in  the 
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field.  This  additional  cost  is  usually  partly  offset  by  the 
substantially  lower  heating  and  airconditioning  costs  of  the 

earth-sheltered  structures.  See  Section  3.4  following. 

3.4  COST  COMPARISON:  ABOVEGROUND  VS  EARTH-SHELTERED 

The  assertion  that  earth-sheltered  structures  cost  less  or  only  a 
little  more  than  above  ground  structures  is  often  made  by  promoters  of 
earth-sheltered  structures.  We  believe  that  commercial  or  institutional 

earth-sheltered  structures  can,  under  proper  conditons,  compete  with 

aboveground  structures  when  life-cycle  costs  are  compared.  This 
position  is  hard  to  support,  however,  when  a  massive  (concrete), 
single-family,  earth-sheltered  house  is  compared  with  J the  more 

conventional,  light  (wood  frame),  single-family  home.  A  study  (Shapira 
et  al.,  1983)  recently  completed  at  ORNL,  concluded  that  under  present 

I 

market  conditions,  if  aboveground  and  underground  dwellings;  of  equal 
si2e  and  quality  are  built  on  equal  lots,  the  construction  cost  of  the 
earth-sheltered  structure  compares  poorly  with  that  of  the  aboveground 
structure.  Lowered  operation  and  maintenance  costs,  including  lower 
fuel  bills,  are  outweighed  by  the  higher  interest  charges  on  the  higher 
capital  cost  which  causes  the  monthly  payments  to  be  higher,  j 

The  ORNL  Cost  and  Energy  Comparison  Study  differs  from  other 

i 

economic/cost  studies  in  that  it  is  a  side-by-side  analysis,  i  For  each 
one  of  the  five  selected  representative  localities  "identical" 
aboveground  and  earth-sheltered  houses  were  designed.  The  earth- 
sheltered  structure  (which  incorporates  direct  gain  space  heating)  has 
the  same  sizes,  number,  and  quality  of  rooms  and  storage  areas  as  the 
above  ground  home.  Naturally,  the  floor  plan  differs  in j  that  the 
earth-sheltered  home  has  only  south  facing  windows  and  the  unfinished 
space  or  the  parking  facility  is  not  necessar.i  ly  .in  the  basement  area. 
But,  for  the  home  buyer,  the  exterior  style  of  the  house,  the  general 
interior  arrangement  and  the  finishing  materials  are  the  same  for  each 
region  in  the  aboveground  and  earth-sheltered  structures.  The  only 

differences  are  features  inherent  to  energy  conservation  --  earth- 

j 

sheltering,  direct-gain  space  heating,  etc.  j 
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Both  the  aboveground  basic  unit  (i.e.,  living  space  with  no 
additional  basement,  garage,  etc.)  and  the  earth-sheltered  basic  unit 
(Fig.  7)  have  approximately  1480  square  feet  (138  square  meters)  of 
floor  space.  Depending  on  the  region,  a  basement,  an  attached  garage, 
or  otner  space  may  be  added  to  both  the  aboveground  and  earth-sheltered 
basic  units.  Details  of  construction  and  final  finish  are  location 
specific. 

3.4.1  Costing 

Finished  sets  of  blueprints  and  construction  specifications  were 
prepared  and  send  to  an  A/E  (Architectural/Engineering)  firm  that 
provided  a  detailed  cost  analysis  (Table  2).  The  initial  construction 
costs  of  the  earth-sheltered  dwellings  are  greater  than  the  "about  10% 
or  more"  usually  claimed  by  the  promoters  of  the  concept.  This  is 
probably  due  to  the  fact  that  other  "studies"  compared  designs  with  the 
same  number  of  bedrooms  but  neglected  storage  or  unfinished  space 
(Sterling  and  Shurcliff,  1981).  In  other  cases,  the  earth-sheltered 
homeowners  who  served  as  their  own  contractors  failed  to  include  their 
labor  and  profit  in  the  cost  figure. 

3.4.2  Energy  Analysis 

Table  3  lists  the  annual  energy  consumption  for  one  earth- 
sheltered,  one  energy-eff icient  aboveground,  and  one  new  conventional 
home.  In  one  case  an  older,  poorly  insulated  home  was  included  in  the 
comparison.  The  energy  savngs  are  significant.  In  the  Minneapolis 
earth-sheltered  structure,  a  saving  of  48%  in  energy  consumption  was 
realized  compared  to  the  energy-eff  icient,  aboveground  design  and  a 
saving  of  65%  compared  to  a  standard  aboveground  house.  In  Salt  Lake 
City,  the  respective  savings  were  58%  and  86%. 


32 


Fig.  7  Floor  Plan  from  Comparison  Study 
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Table  2.  Estimated  Construction  Cost  for  the  Conventional 
Aboveground  and  Earth-Sheltered  Structures, 
January  1931 


location 


Aboveground  Cost  Earth-Sheltered  Cost 

_ (dol  lars)  _ (dol  lars) 

Subtota  I a  Tota  I  **  Subtota  I a  Tota  I  ** 


Addit:onal  Earth 
Sheltered  Cost 
Subtota I  Tota I 


Minneapol Is/ 

72.099 

97,099 

107, 144 

132,144 

49? 

36? 

St.  Paul 

Boston 

79,044 

102,044 

112,382 

135,882 

43? 

33? 

■V 

Salt  lake  City 

62,603 

84, 103 

81,530 

103,030 

30? 

23? 

Knoxv 1 1 1 e 

59,313 

71,313 

77,514 

89,514 

31? 

26? 

•i» 

■-/ 

Houston 

60,597 

73,347 

86,337 

99,087 

42? 

35? 

5 

includes  shell 

,  Interior 

f  Ini shes. 

plumbing,  electrical. 

HYAC,  site 

improvements 

subcontractor  and 

contractor's  overhead 

and  profits. 

“Total  cost  has  land  purchase  costs  added  to  subtotal, 
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Table  3.  Annual  Energy  Consumption  of  Earth-Shet fared 
and  Aboveground  Residences 


Annual  Energy  Consuraptl 

on  as  Calculated  by 

SOLEST 

BLAST 

Location 

Heating 

Cool Ing 
(million  Btu) 

Total 

Heat  1 ng 

Cool ing 
(mi  1 1  Ion  Btu) 

Total 

Hinneapol Is 

]  Earth-sheltered 

35.3 

1.7 

37.0 

49.4 

5.3 

54.7 

2  Aboveground, 
efficient 

. 

67.1 

4.6 

71.7 

3  Aboveground, 
standard 

92.4 

9.4 

101.8 

4  Aboveground, 
uninsulated 

172.0 

12.0 

184.0 

- 

- 

- 

Boston 

1  Earth-shel tered 

16.3 

1.0 

17.3 

26.7 

3.6 

30.3 

2  Aboveground, 

ef  f Icient 

_ 

30.0 

3.1 

33.  t 

3  Aboveground, 
standard 

83.  S 

9.6 

93.4 

- 

- 

- 

Salt  Lake  City 

I  Earth-sheltered 

14.6 

0 

14.6 

27.9 

3.8 

31.7 

2  Aboveground, 
efficient 

24.3 

tO.  3 

34.6 

3  Aboveground, 
Standard 

85.0 

18.5 

103.5 

- 

- 

- 

Knoxv | | | e 

1  Earth-sheltered 

5.7 

6.6 

12.3 

13.4 

2.2 

15.6 

2  Aboveground, 
efficient 

_ 

. 

12.5 

12.8 

25.3 

3  Aboveground, 
standard 

60.8 

30.0 

90.8 

- 

- 

- 

Houston 

!  Earth-sheltered 

0 

9.9 

9.9 

3.7 

5.7 

9.4 

2  Aboveground, 
ef f icient 

__ 

_ 

5.2 

9.6 

14.8 

3  Aboveground, 
standard 

25.7 

55.8 

81.5 

- 

- 

- 

\ 
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3.4.3  Life-Cycle  Costing 

The  only  fair  way  to  compare  two  proposed  investments  that  vary 
significantly  in  initial  expenditure  and  in  operating  costs  is  to 
compare  life-cycle  costs.  This  method  is  not  in  general  use  by 
homeowners  but  has  become  widely  accepted  by  commercial  and  industrial 
enterprises.  Present  methods  of  life-cycle  cost  analysis  provide  two 
equivalent  measures  of  life-cycle  cost,  the  "Present  Value"  and  the 
"Annual  Cost"  methods.  Life-cycle  analyses  were  made  on  each  of  the 
designs.  Using  1981  construction  and  conventional  loan  mortgage  rates 
(14%  to  16%),  it  is  difficult  for  the  earth-sheltered  homes  to  compete 
economically  with  either  the  standard  or  the  energy  efficient 
aboveground  houses  if  initial  construction,  annual  maintenance  and 
energy  costs  are  the  dominant  comparison  parameters  (see  Table  4). 
Lowered  operation  and  maintenance  costs,  including  lower  fuel  bills,  are 
outweighed  by  the  current  high  interest  rates  which  causes  the  mortgage 
payments  to  be  so  much  higher  that  they  offset  the  savings  derived  from 
the  energy-conserving  features  of  the  earth-sheltered,  passively  heated 
residence. 

Cost  added  by  earth-sheltered  construction  must  be  kept  at  or  below 
10%  in  order  to  compete  with  the  aboveground  home  with  the  mortgage 
rates  now  in  effect.  It  may  turn  out  that  14-15%  mortgage  rates  were  a 
temporary  economic  aberration.  If  mortgage  rates  fall  below  10%  and 
consumer  prices  remain  around  their  present  levels,  especially  for  gas 
and  electricity,  life-cycle  costs  of  earth-sheltered  residences  may 
become  much  more  competititve  with  conventional  construction. 

It  should  also  be  pointed  out  that  earth-sheltered  homes  carry  a 
wide  range  of  price  tags.  For  those  who  are  interested  in  the  benefits 
of  earth  sheltering,  an  earth-sheltered  home  that  has  a  price  tag  to 
suit  their  budget  exists.  Buying  this  earth-sheltered  house  rather  than 
a  conventional  aboveground  home  carrying  the  same  price  tag  means:  (a) 
some  reduction  in  square  footage,  (b)  loss  of  a  dining  room  or  den,  (c) 
omitting  an  unfinished  basement,  or  (d)  reducing  the  number  of  bedrooms. 
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The  results  would  be  very  different  if  comparison  were  made  in  the 
commercial,  institutional  sector  where  the  construction  costs  for  the 
earth-sheltered  versions  are  not  significantly  different  from  those  of 
the  aboveground;  and,  over  the  life  of  the  structure  the  earth-sheltered 
structure  offers  both  comfort  and  monetary  advantages.  The  materials 
used  for  conventional  commercial  buildings  are  similar  in  most  cases  to 

I 

those  used  in  earth-shejltered  construction.  For  example,  commercial 
buildings  are  largely  built  of  masonry  and  concrete  materials  rather 
than  of  wood  as  is  the  case  with  most  residential  construction.  The 
contractors  in  the  conmercial  sector  possess  both  the  knowledge  and  the 
heavy  equipment  needed  for  most  earth-sheltered  construction.  These 
factors  are  significant  in  reducing  the  cost  differences  between 

aboveground  and  earth-sheltered  commercial  designs. 

So  far  the  discussion  has  covered  only  the  cost  of  '‘conventional" 

earth-sheltered  structures  which,  though  they  provide  good  protection 

! 

from  natural  hazards,  must  be  improved  to  give  the  high  degree  of 

radiation  and  blast  protection  from  nuclear  weapons  effects.  The 

modifications  can  take  pl[ace  within  the  existing  structure  with  no  added 

i 

space  required.  The  conventional  design  needs  to  be  modified  slightly 
as  discussed  in  Section  4Ll  so  that  crisis  upgrading  can  take  place  with 
a  minimum  of  materials  and  effort.  Dual  use  cf  space  (i.e.,  for 

i 

peacetime  and  for  crisis  ; upgrading)  affords  a  shelter  at  minimal  added 

construction  cost.  The  corresponding  added  value  is  not  usually 

I 

included  in  life-cycle  cost  analyses.  Over  the  conventional 
earth-sheltered  structure  the  added  cost  for  dual  use  as  a  crisis 
upgradable  shelter  for  100  people  would  be  approximately  $6000  (See 
Section  4.2). 

3.5  COST  REDUCTION 

There  are  several  ways  that  the  premium  cost  of  an  earth-sheltered 
structure  can  be  reduced.  These  include  innovative  use  of  land  and 
employing  innovative  construction  techniques  and  materials.  The 
following  paragraphs  present  a  selection  of  the  ones  we  feel  have  the 
best  potential  for  cost  reduction. 
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3.5.1  Suburban  Subdivisions 

In  suburbs  of  larger  communities  the  price  tag  attached  to  each 
parcel  of  land  is  ve.y  high.  Earth-sheltered  homes  reduce  very  little 
the  amount  of  open  space  both  visually  and  physically  (Fig.  8).  By 
dividing  the  lots  in  a  subdivision  in  a  manner  more  suitable  for 
earth-sheltered  buildings  (e.g.,  long  narrow  lots  along  contours),  the 
size  of  each  lot  can  be  significantly  reduced  without  sacrificing  the 
amount  of  "grass  and  garden."  For  example,  in  1981  in  a  Minneapolis 
subdivision,  a  120x220  ft  lot  sold  for  $27,900.  (Minneapolis  Real 

Estate  Agents,  1981).  That  subdivision  had  excellent  orientation  and 
could  have  been  divided  into  lots  uniquely  suited  to  earth-sheltering 
and  produced  two  to  three  times  the  number  of  lots.  This  would  have 
yielded  a  net  cost  reduction  for  each  homesite  of  at  least  $14,000. 
Another  advantage  of  constructing  earth-sheltered  homes  in  small 
communities  is  the  saving  that  can  be  realized  by  bringing  in  the 

necessary  heavy  equipment  for  essentially  "volume  production."  An 

encouraging  start  on  such  developments  is  the  proposed  "Rural 
Earth-Sheltered  Energy  Park"  (Ellsworth  et  al.,  1981)  ueing  planned  by 
the  Cumberland  Development  Corporation  in  Cumberland,  Wisconsin.  The 

planning  phase  was  funded  by  the  U.S.  Department  of  Energy. 

3.5.2  Mass  Production 

Mass  production  techniques  have  been  used  with  great  success  in  the 
building  of  our  "mobile  homes"  as  well  as  our  automobiles.  Mass 
production  of  modules  in  factory  settings  can  materially  reduce  costs 
and  improve  quality  control.  Even  "mass  production"  on-site  is 
possible.  Precut,  precast  members  and  modules  can  be  assembled  on  site 
much  more  economically  than  is  possible  with  the  traditional  building 
techniques.  One  prerequisite  for  these  reductions  is  a  standardization 
of  specifications  and  designs  which  can  come  only  from  a  concentrated 
community  or  government  effort. 


Fig.  8  Arrangement  of  Conventional  and 
Earth-Covered  Structures 
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This  is  a  technique  {Nelson,  1981)  developed  to  use  the 

construction  site  as  a  prefabr ication  area.  The  flat  slab  floor  is 

poured  in  place,  cured,  and  then  sprayed  with  a  chemical  se’er  and  bond 

breaker.  Next,  the  wall  panels  are  laid  out  on  the  finished  floor.  The 

size  of  wall  panel  is  limited  only  by  the  capacity  of  the  crane  th  t  is 
available.  Forms  for  the  panels  are  installed  on  the  floor,  using  2x6 
lumber.  Lifting  inserts  are  installed  at  the  top  of  each  panel.  The 
concrete  is  placed,  vibrated,  and  trowelled  to  a  smooth  finish.  The 
wall  panels  can  be  poured  in  stacks  wherever  convenient.  After  the 
panels  are  poured  and  cured,  a  crane  is  brought  in  to  erect  them.  This 
method  saves  much  labor  and  materials  and  reduces  the  complexities  of 
the  formwork.  In  addition,  quality  control  of  such  wall  panels  can  be 
much  better  than  vertically  poured  walls  and  can  be  less  porous  to 
water,  making  waterproofing  more  dependable. 

3.5.3. 3  Use  of  Reusable  Forms  and  Scaffolding 


Large-scale  contractors  are  able  to  save  costs  for  their  clients  by 
stocking  forms  that  can  be  reused.  This  requires  a  large  investment  in 
equipment  and  standard izat ion  of  the  design  of  concrete  panels.  There 
are  a  few  equipment  suppliers  that  now  can  provide  reusable  forms  and 
scaffolding  on  a  rental  basis.  The  success  of  this  as  a  method  of 
reducing  costs  depends  upon  wide  acceptance  of  the  techniques.  This  is 
one  area  where  government  assistance  could  make  a  difference. 

3. 5. 3. 4  Innovative  Forms 


An  inflatable  form  system  is  available  (Earth  Shelter  Living, 
1982).  It  results  in  unconventional  dome  shapes  but  could  save 
considerable  labor  and  material. 


3. 5. 3. 5  Col laborat  ive  Construction 


The  alternate  energy  movement  in  the  United  States  seems  to  have 
generated  a  comaraderie  similar  to  that  displayed  by  the  rural 
communities  of  the  Midwest  during  the  last  century,  where  it  wa$ 
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customary  for  farmers  to  help  each  other  build  their  barns.  Some  of  the 
earth-sheltered-living  fans  have  initiated  informal  collaborative  groups 
that  help  each  other  build  earth-shel tered  houses  (Earth  Shelter  Living, 
1982).  With  the  help  of  a  number  of  franchisers  who  are  in  the  market 
with  structures  suitable  for  such  groups  (e.g.,  U.S.  Gypsum,  U.S.  Steel, 
and  Terra-Dome),  local  groups  could  learn  the  necessary  skills  and  help 
each  other  build  homes.  Since  the  contractor's  profit  and  overhead 
sometimes  account  for  20  to  30X  of  the  cost  of  a  new  home,  cooperatively 
built  homes  should  cost  that  much  less. 

3.5.4  Innovative  Structural  Materials 

3.5.4. 1  Concrete  Arch  Systems 

A  system  that  was  developed  in  Switzerland  for  tunnel  lining  in 
1968  has  been  adapted  for  use  in  earth-sheltered  homes  by  a  Florida 
architect  (Dr.  John  B.  Langley)  and  the  Metal  Products  Oivision  of 
United  States  Gypsum  Company.  It  is  a  patented  system  called  the 
"8ERN0LD  PLATE"  system.  It  has  been  used  in  at  least  16  earth -sheltered 
homes.  The  system  uses  steel  plates  punched  out  of  14-gauae  steel.  The 
plates  are  assembled  to  form  an  arch  which  serves  the  dual  functions  of 
form  and  reinforcing.  The  plates  are  approximately  four  feet  square  and 
weigh  40  to  50  pounds  each.  A  two-person  crew  with  only  ordinary 
carpenter's  skills  can  assemble  them  in  place  ready  for  the  concrete 
cover  even  without  the  use  of  a  crane.  After  the  arch  is  in  place  it  is 
covered  on  both  sides  by  Shotcrete™.  The  arched  shape  provides  a 
much  stronger  roof  than  a  flat  slab.  This  method  saves  all  the  forming 
costs,  uses  less  concrete,  and  avoids  the  need  for  heavy  construction 
machinery.  The  shotcrete  operation  can  be  continuous  after  the  arch  is 
in  place.  The  curved  sections  are  rolled  to  the  specific  curvature 
required  by  the  individual  project.  U.S.  Gypsum  Company  is  planning  to 
provide  several  standard  radii  as  stock  items  if  the  demand  becomes 
large  enough.  Oetails  of  the  method  are  given  in  a  handbook  (Langley, 
1980). 
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3. 5. 4. 2  Prefabricated  Modular  Shapes 

The  My-Hy  pods  mentioned  earlier  could  be  used  to  produce  many 
earth-sheltered  homes  rapidly  by  some  company  holding  a  license  from  the 
Taisei  Construction  Company  to  build  them  in  America.  Or  some  company 
in  the  U.S.  could  develop  a  comparable  product  for  mass  production. 

3. 5. 4. 3  Preformed  Culvert  Sections 

Although  this  method  has  not  been  sufficiently  tested  yet,  we 
believe  that  quite  satisfactory  earth-sheltered  homes  can  be 
economically  built  using  standard  commercially  available  structural 
plate  arches.  These  are  available  in  gauges  (10)  in  useful  widths 
(25-40  ft)  which  withstand  complete  Durial.  Great  savings  in  erection 
labor  can  offset  the  higher  material  cost.  When  fully  buried  with  5  ft 
of  cover  with  sufficiently  dilatant  backfill,  structures  of  this  type 
have  withstood  nuclear  weapon  overpressure  as  high  as  100  psi,  due  to 
earth  arching. 

3. 5. 4. 3  Surface-bonding  Agents 

This  method  of  strengthening  a  concrete  block  wall  shows  some 
promise  of  reducing  the  cost  of  concrete  walls.  The  method  consists  of 
trowelling  the  surface  bonding  agent  (e.g.,  Surewall™)  on  the 
surface  of  a  concrete  wall  laid  up  without  mortar.  A  builder  using  this 
method  could  use  much  less  skilled  labor  than  required  for  an  ordinary 
concrete  wall,  would  require  no  forms,  and  would  be  almost  as  strong  as 
a  poured  in  place  concrete  wall  ((Mother  Earth  News,  1981).  The  method 
has  not  been  sufficiently  tested  yet,  so  some  additional  research  would 
be  needed  to  verify  the  projected  savings. 
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4.  AN  EXAMPLE  OF  HAZARD  RESISTANT  DESIGN 

4.1  MODIFICATIONS  TO  THE  "KNOXVILLE"  EARTH-SHELTERED  DESIGN 

If  below-grade  construction  of  a  habitable  space  can  be  justified 
by  energy  and/or  land  conservation,  (or  for  any  other  reason  for  that 
matter),  there  are  techniques  for  converting  it  to  blast  shelter  in  a 
crisis  at  moderate  cost,  especially  if  the  structure  has  been  designed 
from  the  beginning  to  be  crisis-upgradable. 

The  Knoxville  earth-sheltered  design  (Fig.  9)  employs  the  following 
features: 

(1)  slab-on -grade  floor, 

(2)  three  poured-in-place  steel  reinforced  concrete  perimeter 
walls, 

(3)  hoi  low  concrete-block  interior  walls, 

(4)  wood  stud/sheet  rock  partition  walls  (parallel  to  the  south 
facade), 

(5)  a  south-facing  "window-wall," 

(6)  prefabricated  hollow  core  ceiling  panels  of  Spandeck™, 

(7)  the  three  "earth-contact"  walls  are  carefully  waterproofed, 

(8)  thermal  insulation  boards  provide  mechanical  protection  of  the 
waterproof ing,  and 

(9)  attached  garage  with  partly  earth-covered  walls  and  uncovered 
roof. 

The  "Knoxville  design"  emphasizes  cost  and  energy  conservation.  To 
maximize  hazard  mitigation,  some  changes  have  been  made  in  the  design, 
shown  in  Figs.  10  and  11  and  in  the  working  drawings  in  Appendix  E. 

The  major  change  is  the  greater  use  of  load-bearing  interior  walls 
and  cast-in-place  (CIP)  roof.  These  eight-inch  reinforced  walls  can  be 
either  cast-in-place  concrete  or  grouted  retaining-wal 1  block.  They  are 
arranged  to  provide  more  uniform  support  of  the  roof,  reducing  un¬ 
supported  roof  spans,  and  in  conjunction  with  the  solid  portions  of  the 
front  wall,  provide  more  protection  from  radiation  and  wind-driven 
missiles  for  the  rear  areas  of  the  house.  The  room  designated  "study" 
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is  designed  to  have  a  radiation  protection  factor  of  several  hundred  and 
complete  protection  from  wind-driven  missiles  in  the  peacetime 
configuration  of  the  house.  The  smaller  windows  in  the  bedrooms  would 
have  external  planters  or  be  in  front  of  the  solid  walls  under  them 
to  provide  additional  fallout  protection  and  incidentally  a  little  more 
thermal  insulation. 

The  garage  in  the  Knoxville  design  with  its  diff icult-to-protect 
doors  and  expensive  walls  has  been  moved  away  from  the  house  so  the  west 
wall  can  be  bermed.  To  reduce  cost,  the  garage  can  be  a  carport.  The 
green  earth-sheltered  motif  of  the  house  can  be  retained  for  the  carport 
at  a  minimum  cost  by  the  use  of  trellises  and  appropriate  plantings. 

The  columns  on  the  front  wall  have  been  designed  to  take  the 
horizontal  loads  from  a  one-atmosphere  blast  overpressure.  The  openings 
for  the  windows  are  designed  to  be  protected  against  blast  by  stacking 
the  patio  paving  blocks  in  front  of  the  glazing  as  part  of  a 
crisis-upgrading  procedure.  For  the  maximum  protection,  earth  from  the 
banks  on  either  side  of  the  house  can  be  piled  against  the  front  wall 
after  the  window  closures  are  in  place.  This  operation  would  require 
either  construction  equipment  (front-end  loader  or  bulldozer)  or  a  great 
amount  of  hand  labor  to  move  the  required  60-100  m2  of  earth.  However 
it  would  provide  a  fallout  protection  factor  of  at  least  1000  over  the 
entire  area  of  the  house,  and  eliminate  the  danger  of  pressure 
amplification  in  re-entrant  angles  from  blast  waves  approaching  from  the 
direction  of  the  exposed  walls. 

The  roof  is  specified  as  cast-in-place  concrete  rather  than 
pref abricated  concrete  planks  (e.g.,  Spandeck™).  The  cost  of  the 
two  approaches  is  a  tradeoff  unless  labor  costs  are  extraordinari  ly 
high,  which  is  general ly  not  the  case  in  rural  or  suburban  areas  around 
smaller  cities.  The  CIP  roof  has  the  advantage  of  much  greater 
ductility  and  toughness,  much  better  anchorage  at  the  walls,  much  more 
punch  resistance  if  extra  support  columns  are  used,  and  better  radiation 
shielding  from  the  same  bearing  capacity.  The  eight-inch-thick  roof  is 
designed  to  resist  one  atmosphere  overpressure  functioning  as  a  two-way 
slab.  One  support  column  is  required  in  the  center  of  the  living  room 
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as  part  of  the  upgrading  procedure.  By  putting  four  columns  in  the 
living  room  and  adding  one  column  at  the  center  of  each  of  the  other 
seven  structural  bays,  the  roof  would  resist  overpressures  in  excess  of 
three  atmospheres. 

A  depth  of  cover  on  the  roof  of  three  feet,  or  at  least  one-fifth 
the  span,  is  specified.  If  the  earth  used  has  a  large  angle  of  internal 
friction  (more  than  35*),  earth  arching  to  the  walls  and  columns  will 
occur  under  blast  loading,  providing  another  factor  of  two  protection 
against  long-duration  overpressures,  and  several  times  this  against 
short  duration  blasts  (as  from  kiloton  range  weapons). 

The  skylights  are  designed  to  serve  multiple  functions  as 
ventilators  and  emergency  exits.  In  the  peacetime  configuration  they 
would  have  an  acrylic  weather  cover,  and  provision  for  ventilation  and 
emergency  egress,  and  winter  insulation.  Part  of  the  crisis-upgrading 
procedure  would  be  replacement  of  the  peacetime  closures  with  a  blast 
door  and  an  expendable/replaceable  weather  canopy.  Figure  12  shows  the 
structure  in  its  upgraded  posture. 

4.2  COST  COMPARISON 

The  changes  made  in  the  "Knoxville  Design"  earth-sheltered  struc¬ 
ture  in  the  interest  of  both  hardenabi  1  ity  and  cost  containment  in  the 
"crisis  upgradable  design"  have  made  a  cost  comparison  between  the  two 
ambiguous.  To  identify  more  clearly  the  costs  of  hardening,  another 
design,  the  "Knoxville  Economy  ESS",  has  been  introduced  which  has  the 
cost-saving  features  of  the  crisis  upgradable  ESS  but  not  the  hardening. 
The  economy  structure  is  the  Knoxville  design  with  the  garage  replaced 
by  separate  carport  and  the  concrete  retaining  walls  replaced  with 
slopes  stabilized  with  railroad  ties. 

In  addition  to  the  carport,  the  use  of  ceramic  tile  in  the  bath  and 
fabric-backed  gypsum  interior  wall  covering  was  identified  as  a  cost 
option,  but  is  included  in  the  final  totals. 
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The  costs  of  four  structures  are  compared  in  Table  5.  The  first 
two  columns  are  the  Knoxville  aboveground  design  and  the  Knoxville 
Earth-Sheltered  Design  from  the  Cost  and  Energy  Comparison  Study 
(Shapira  1983)  with  the  prices  corrected  for  15%  inflation  from  January 
1981  to  January  1983.  The  Knoxville  Economy  ESS  and  Crisis  Upgradable 
Structure  in  the  third  and  fourth  columns  are  as  previously  described, 
with  the  costs  estimated  for  early  1983  (when  costs  were  quite  stable). 
All  costs  include  materials,  labor,  and  10%  contractor's  overhead  and 
profit. 

The  bottom  line  in  Table  5  is  the  percentage  increase  in  the  cost 
of  each  structure  which  must  be  added  to  buy  a  crisis-upgradable 
structure  which  can  be  hardened  to  one  atmosphere  blast  overpressure. 
The  cost  due  purely  to  hardening  (a  Tittle  over  6  percent)  can  be  seen 
from  comparison  between  the  Knoxville  Economy  ESS  and  the  crisis 
upgradaole  ESS.  This  cost  is  due  principally  to  the  strong  columns  in 
the  south  wall,  and  the  increased  cost  of  running  the  electrical  wiring 
in  conduit  in  the  floor,  solid  walls  and  roof.  It  is  much  cheaper  to 
run  wiring  in  hollow  block  or  stud  walls,  and  a  hollow  concrete  plank 
roof.  The  cast-in-place  roof  is  not  too  much  more  expensive  than 
precast  plank. 

The  cost  increase  over  aboveground  design,  33%,  is  due  principally 
to  going  underground  and  replacing  frame  construction  with  reinforced 
masonry  or  concrete  construction.  Once  the  cost  of  going  underground 
has  been  accepted,  the  additional  cost  of  blast  hardening  is  minor,  and 
could  be  offset  by  foregoing  or  deferring  other  amenities. 
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5.  INTRODUCTION  TO  TECHNOLOGY  ADOPTION  AND  DIFFUSION  PROCESSES 


In  addition  to  the  technical  features  of  earth-sheltering  discussed 
earlier,  it  is  important  to  understand  the  adoption  and  diffusion 
processes  by  which  a  "new"  technology  like  this  is  tried  and  eventually 
accepted  by  society.  Research  on  the  diffusion  of  innovations  has 
addressed  three  basic  areas  -  inventive  activity,  or  the  development  of 
an  idea  into  a  marketable  product  or  service;  the  diffusion  process 
itself;  and  the  impacts  of  innovation  diffusion  (Brown,  1981).  In  turn, 
research  on  the  diffusion  process  has  consisted  of  two  major  research 
traditions  -  the  adoption  perspective  and  the  market  and  infrastructure 
perspective.  Although  these  two  orientations  emphasize  different 
aspects  of  the  process,  as  discussed  below,  in  combination  they  offer 
substantial  guidance  regarding  what  can  be  done  to  gain  widespread 
adoption  of  an  innovation. 

5.1  THE  ADOPTION  PERSPECTIVE* 

The  basic  premise  of  this .  perspective  is  that  the  adoption  of  an 
innovation  is  primarily  the  outcome  of  a  learning  or  communications 
process  (Rogers  and  Shoemaker,  1971).  If  an  individual  learns  about  an 
innovation,  if  that  innovation  is  compatible  with  his  or  her  social, 
economic,  and  psychological  characteristics,  and  if  that  innovation 
satisfies  a  felt  need  better  than  existing  alternatives,  he  or  she  will 
adopt  the  innovation. 

The  ability  of  innovation  proponents  to  induce  adoptions  through 
information  flows  has  been  shown  to  be  quite  limited.  Among  the  five 
stages  of  the  adoption  decisionmaking  process  as  identified  by  Rogers 
and  Shoemaker  (i.e.,  awareness,  interest,  evaluation,  trial  and 
adoption),  impersonal  sources  of  information,  such  as  mass  media, 
professional  journals  and  untargeted  information  dissemination  programs 


*Much  of  this  discussion  derives  from  Berry  and  Bronfman  (1980). 


54 


may  affect  the  first  two,  awareness  and  interest;  later  stages  of  the 
process  usually  require  the  influence  of  social  interactions,  opinion 
leaders,  and  other  market -pull  forces  (Berry  and  Bronfman,  1980). 

The  compatabi 1 ity  of  an  innovation  with  a  potential  adopter's 

social,  economic,  and  psychological  characteristics  has  been  measured 
in  terms  of  the  characteristics  of  innovations  and  of  their  adopters. 
Innovations  have  been  characterized  along  numerous  "objective" 
dimensions,  including  relative  advantage,  complexity,  trialability  or 
devisibility,  observability  or  communicabi 1 ity,  cost,  return  on 
investment,  efficiency,  risk,  and  numbers  of  gatekeepers,  among  others 
(Zaltman,  et  al.,  1973;  Hough,  1975;  Rogers  and  Shoemaker,  1971;  and 

Warner,  1974).  Many  researchers  stress  that  however  objective  these 
attributes  may  appear,  it  is  the  potential  adopter's  perception  of 

attributes  that  determines  adoption. 

5.2  THE  MARKET  AND  INFRASTRUCTURE  PERSPECTIVE 

The  market  and  infrastructure  perspective  on  the  diffusion  process 
posits  that  "the  opportunity  to  adopt  is  egregiously  and  in  many  cases 
purposely  unequal"  (Brown,  1981,  p.  7)  and  focuses  on  the  process  by 
which  innovations  and  conditions  favorable  to  adoption  are  made 

available  to  potential  adopters.  Three  major  activities  compose  the 
diffusion  process  -  the  establishment  of  diffusion  agencies  or  outlets 
through  which  the  innovation  is  to  be  distributed;  the  development  of 
implementation  strategies  by  these  agencies  for  inducing  adoption  within 
their  markets  or  service  areas;  and  finally,  the  actual  adoption  of  the 
innovation  (Brown,  1981).  8rown's  emphasis  on  the  supply  side  of 
diffusion,  in  contrast  to  the  adoption  or  demand  side  characterized  by 
Rogers  and  Shoemaker,  seems  particularly  germane  to  those  institutions 
interested  in  inducing  diffusion.  This  view  places  responsibi  iity  for 
diffusion  success  on  the  diffusion  agency  rather  than  on  the  adopter, 
uses  existing  distribution  systems  rather  than  creating  new  ones,  and 
actively  incorporates  commonly  used  business  and  marketing  strategies  in 
the  diffusion  process. 
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The  concept  of  a  technology  delivery  system  or  innovation  delivery 
system  is  a  particular  variant  of  the  market  and  infrastructure 
perspective  (Berry  and  Bronfman,  1980).  This  system  has  a  number  of 
components,  including  (1)  research-performing  institutions;  (2) 
manufacturing  institutions;  (3)  product-distribution  institutions;  and 
(4)  lending  institutions  that  make  funds  available  to  other  components 
of  the  technology  delivery  system  and,  potentially,  to  adopters  as  well. 
According  to  Ezra  (  1975),  all  of  the  components  of  the  technology 
delivery  system  must  be  in  place  and  be  ready  to  accept  a  new  technology 
before  it  can  penetrate  the  marketplace  Financing  such  a  system  can  be 
achieved  through  a  variety  of  mechanisms,  including  outright  federal 
funding;  cost-sharing;  loan-guarantees  or  loan  insurance;  construction 
grants;  and  indirectly  through  codes,  standards  and  regulations. 

5.3  IMPLICATIONS  OF  A00PTI0N  AND  DIFFUSION  PROCESSES  FOR 
EARTH-SHELTERED  RESIDENCE  ADOPTION 

In  order  for  a  program  encouraging  the  adoption  and  diffusion  of 
earth-sheltered  structures  to  be  successful,  it  is  important  to  pay 
close  attention  to  what  is  currently  known  about  adoption  and  diffusion 
processes.  Although  there  are  no  general  predictive  models  or  theories 
of  diffusion  that  can  be  applied  directly  to  the  problems  of  inducing 
adoption  and  diffusion  and  forecasting  diffusion  rates,  as  the 
divergence  of  the  two  research  traditions  indicates,  the  literature  does 
suggest  a  number  of  principles  that  might  guide  the  development  of 
policies  intended  to  encourage  adoption  and  diffusion  of  earth-sheltered 
residences. 

5.3.1  Market  Identification  and  Segmentation 

It  is  important  to  characterize  the  potential  market  for  earth- 
sheltered  structures  early  in  the  policy  development  process.  The 
diffusion  literature  has  identified  ideal  types  of  adopters  -  the 
"innovators"  who  are  venturesome;  the  "early  adopters"  who  are 
respectable  opinion  leaders  and  help  to  evangelize  the  innovation;  the 
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"early  majority"  who  follow  opinion  leaders  with  deliberate  willingness 
but  seldom  lead;  the  "late  majority*  who  are  skeptical  and  must  be 
dragged  into  the  market;  and  the  "laggards"  who,  due  to  strong  ties  with 
traditional  ways  of  doing  things  are  the  last  to  adopt  a  new  technology 
(Rogers  and  Shoemaker,  1971).  The  question  becomes  one  of  identifying 
segments  of  the  population  who  are  likely  to  lead  the  market.  In  the 
case  of  earth-sheltering,  the  innovators  already  exist,  and  the  task  is 
to  develop  policies  that  will  affect  the  behaviors  of  opinion  leaders 
and  those  willing  to  examine  and  evaluate  purposefully  the  desirability 
of  earth-sheltering.  Who  are  these  people,  and  where  do  they  live?  Can 
the  innovation  (i.e.,  earth-sheltering)  be  characterized  as  compatible 
with  their  values  and  objectives?  What,  if  anything,  needs  to  be  done 
to  make  the  innovation  compatible  with  their  values  and  goals? 

5.3.2  Use  of  Existing  Information  and  Communications  Networks 

Potential  adopters  operate  within  existing  social  structures  that 

have  existing  communications  networks.  They  attend  to  diverse 
information  sources,  from  the  mass  media  to  their  colleagues  at  work. 
Equally  important,  and  congruent  with  the  market  and  infrastructure 
perspective  on  diffusion,  they  tend  to  seek  information  from  traditional 
sources.  In  the  case  of  making  housing  investments,  they  are  likely  to 
communicate  with  real  estate  firms,  appraisers,  builders  and  developers, 
and  lending  institutions  as  well  as  the  mass  media  (e.g.,  real  estate 
listings)  and  their  friends  and  colleagues.  Putting  information  in  the 
right  sources  Is,  then,  perhaps  as  important  as  the  content  of  the 
Information  itself. 

5.3.3  Infrastructure  Development 

In  addition  to  Information,  diffusion  agencies  need  the  resources 
and  the  will  to  induce  adoption.  If,  as  Brown  maintains,  individuals 
make  choices  within  a  constraint  set,  it  is  important  for  adoption  and 
diffusion  proponents  to  ea^e  the  constraints  potentially  limiting 


adoption.  This  implies  that  the  conditions  favorable  to  diffusion  need 
to  be  designed  to  be  sensitive  to  the  existing  institutional  environ¬ 
ment,  taking  full  advantage  of  the  knowledge,  expertise,  and  power 
residing  in  those  institutions.  This  also  implies  that  existing 
institutional  resources  need  to  be  supplemented  where  they  are 
deficient. 

I 

5.3.4  Identification  of  Specific  Institutional  Issues  or  Barriers 


Given  the  diverse  range  of  potential  barriers;  to  the  adoption  and 
diffusion  of  earth-she ltered  structures,  it  is  useful  to  develop 
policies  that  address  specific  barriers  in  specific  market  segments  at 
specific  times  in  the  adoption  process.  For  instance,  early  initiatives 
might  address  a  specific  issue  (see  Section  6)  that  affects  acceptance 
of  earth-sheltered  mortgages  by  the  financial  community  when  influential 
persons  are  considering  making  personal  investments  in  such  housing 
options. 

5.3.5  Adoption  and  Diffusion  Monitoring  j 

Whatever  diffusion  options  are  implemented,  it  will  be  important  to 
monitor  and  evaluate  their  results  so  that  midtourse  revisions  and 
corrections  might  be  made.  This  would  especi al ly  1  be  critical  when  the 
diffusion  agency  has  limited  resources  and  wants  to  support  tne  most 
cost-effective  elements  of  a  multi-dimensional  diffusion  strategy. 

5.4  SUMMARY  ; 

The  diffusion  literature  suggests  careful  attention  to  demand  and 
supply  dimensions  of  innovation  adoption.  Central  to  both  of  these 
dimensions  is  the  identification  of  those  specific  issues  that  may 
impede  optimal  behavior  by  potential  adopters  and;  the  relevant  infra¬ 
structure.  The  following  Section  presents  a  comprehensive  list  of  such 
issues  and  presents  an  evaluation  of  those  that  are  deemed  most 
important  to  the  adoption  and  diffusion  of  earth-sheltered  residences. 
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6.  INSTITUTIONAL  ISSUES 

Issues  arising  from  the  institutional  and  organizational  inter¬ 
actions  necessary  for  the  adoption  of  a  new  technology  are  very 

important  to  consider  when  exploring  ways  to  encourage  the  private 

sector  development  of  earth-sheltered  residences  and  communities.  This 
section  will  focus  on  those  issues  expected  to  be  important  in  the 

adoption  of  earth-sheltering  by  the  residential  sector.  Institutional 
issues  unique  to  public,  commercial,  and  other  non-residential 
structures  were  not  studied,  but  the  likelihood  of  major  similarities 
and  differences  between  the  residential  and  non-residential  sectors  will 
be  discussed  briefly. 

Data  on  institutional  issues  and  options  affecting  the  adoption  of 
earth-sheltering  housing  were  gathered  in  two  basic  ways.  In  the  first 
phase  of  the  study,  an  in-depth  review  of  the  literature  on 

earth-sheltered  structures  was  conducted  and  a  preliminary  list  of 
institutional  issues  and  relevant  policy  options  was  compiled.  In  the 
second  phase  of  the  study,  additional  information  was  obtained  through  a 
review  of  the  relevant  literature  and  the  use  of  questionnaires 
completed  by  a  panel  of  16  experts.  This  panel  included  experts  in  the 
areas  of  earth-sheltered  structures,  diffusion  of  innovation,  disaster 
research,  housing,  law,  policy  analysis,  and  planning.  The  data 
collected  during  Phase  II  was  then  analyzed  by  ORNL  staff  to  produce  the 
findings  presented  here  and  in  subsequent  chapters. 

Table  5  presents  a  broad  range  of  institutional  issues  that  could 
affect  the  development  of  earth-sheltered  houses  and  communities.  Over 
40  issues  were  identified  and  grouped  in  five  general  categories.  The 
first  category  contains  issues  related  to  the  desire  to  use 
earth-sheltered  residences.  These  issues  involve  the  perceived 
attributes  of  earth-sheltered  dwellings  and  how  they  influence  the 
behavior  of  potential  adopters.  This  focus  is  compatible  with  the 
popular  "adoption  perspective"  on  innovation  diffusion,  vrfiich  centers  on 
the  process  by  which  individuals  decide  to  adopt  a  new  technology 
(Rogers  and  Shoemaker,  1971). 


Table  6  Complete  Listing  of  Institutional  Issues  Affecting 
the  Utilization  of  Earth-Sheltered  Residences 


Issues  Related  to  the  Desire  to  Use  Earth-Shel tered  Residences 

©  Aesthetics 
©  Livability 
©  Safety 

©  Soundness  of  Investment 
©  Conformity  to  Socially  Accepted  Image 
©  Expression  of  Personal  Values 
©  Response  to  the  Threat  of  Nuclear  War3 

Issues  Relating  to  the  Construction  of  Earth-Sheltered  Structures 

©  Building  Regulations 
©  Land  Use  Regulations 
©  Restrictive  Covenants 

©  Limited  Experience  of  Planners  and  Regulators 
©  Availability  o.'.  Inexpensive  Designs  and  Plans 
©  Financing  of  O'-  t ruction  Loans 
©  Innovation  in  .ha  Construction  Industry 
©  Difficulty  In  Building  Nei ghborhood/Coranunity  as  Planned15 

Issues  Related  to  the  Ability  to  Purchase  Earth-Sheltered  Residences 

©  Availability  of  Suitably  Trained  and  Equipped  Contractors 
©  Availability  of  Mortgage  Money  at  Attractive  Rates 
©  Ability  of  Earth-Sheltered  Neighborhoods/Communities  to 
Reduce  Costs*5 

Issues  Related  to  the  Use  of  Earth-Sheltered  Residences 

©  Interior  Enviromental  Quality 
©  Maintenance  of  Structure 
©  Access  to  Structure 
©  Energy  Use 
©  Taxation 
©  Insurance 
©  Resale 

©  Emergency  Use  of  Earth-Sheltered  Structures 
©  Ease  of  Interaction  with  Neighboring  Units 
©  Protection  from  Intrusion  or  Vandalism 

©  Legal  Liability  Imposed  under  Doctrine  of  Attractive  Nuisance 
©  Need  for  Access  to  Specialized  Equipment  (or  Large  Numbers 
of  People)  and  Materials  to  Allow  Crisis  Use3 


aIssues  related  exclusively  to  the  adoption  of  crisis-upgradable 
earth-shel tered  structures. 

^Issues  related  exclusively  to  the  deve’ooment  of  earth-shel tered 
neighborhoods  or  communities. 


Table  6  (continued) 


Issues  Related  to  Community-Wide  Effects  of  Using  Earth-Sheltered 
Structures 

©  Housing  Density 
©  Urban  Form 

©  Environmental  Protection 
©  Energy  Consumption 
©  Disaster  Protection 

©  Public  Access  to  Earth-Sheltered  Dwellings  in  Case  of  Disaste 
©  Neighborhood  Concept 
©  Changes  in  the  Image  of  the  City 
©  Changes  in  Existing  Building  Industry 
©  Societal  Impacts  Arising  from  Policy  Initiatives  to 
Stimulate  Earth-Sheltering 


In  contrast,  the  next  set  of  issues  focuses  on  the  organizational 
arrangements  whereby  earth-shelters  are  built,  an  area  of  vital 

importance  in  assuring  that  potential  adopters  will  have  something  to 
adopt.  The  major  actors  involved  here  are  builders,  developers, 
designers,  lenders,  and  regulators.  The  type  of  issue  treated  here  is 
compatible  with  the  "supply  side"  or  "market  and  infrastructure" 

perspective  from  the  diffusion  of  innovation  literature  (Brown,  1982). 

Also  compatible  with  this  perspective  are  those  issues  related  to  the 

ability  to  purchase  earth-sheltered  dwellings,  which  fall  into  the  third 
major  category  identified  in  this  study.  While  the  ability  to  purchase 
is  clearly  influenced  by  an  individual’s  socioeconomic  status,  the  focus 
here  is  on  those  institutional  factors  (like  the  availability  of 
suitably  trained  and  equipped  contractors)  which  help  determine  the 
market  price  of  an  earth-covered  dwelling.  Again,  the  emphasis  is  on 
the  infrastructure  which  determines  the  ability  of  an  individual  to  take 
advantage  of  an  innovation. 

Issues  related  to  the  use  of  earth-sheltered  dwellings  arise  after 
an  individual  or  family  purchases  and  moves  into  such  a  dwelling.  These 
issues  are  important  both  for  their  impacts  on  those  who  have  already 
adopted  this  technology  and  for  their  potential  influence  on  future 
adopters,  whose  decisions  can  be  strongly  influenced  by  the  experience 
of  early  innovators  (Shama,  1982).  While  this  set  of  issues  is 
important  from  both  the  adoption  as  well  as  the  "impacts"  perspective, 
the  final  category  of  issues  identified  is  important  solely  from  the 
perspective  of  its  impacts.  Issues  related  to  the  community-wide 
effects  of  using  earth-sheltered  residences  focus  on  how  the  adoption  of 
a  new  technology  wi  1  affect  society  at  large.  Relatively  neglected  in 
the  diffusion  of  innovation  literature,  with  the  notable  exception  of 
the  recent  writings  of  L.  A.  Brown  (1982),  the  effects  of  new 
development  have  long  been  of  interest  in  the  fields  of  technology 
assessment  (Coates,  1974)  and  social  impact  analysis  (Finsterbusch  and 
Wolf,  1977). 


63 


All  the  issues  identified  in  the  five  categories  discussed  above 
were  examined  for  their  importance  in  affecting  the  adoption  and  use  of 
earth-sheltered  residences.  The  remaining  sections  will  focus  on  those 
issues  judged  to  be  significant  relative  to  each  of  FEMA's  three  major 
interests,  presented  in  Chapter  1.  Section  6.1  presents  important 
issues  associated  with  the  adoption  of  hazard-mitigating 
earth-sheltered  structures;  Section  6.2  contains  those  issues  associated 
with  crisis-upgradable  earth-shelters;  and  Section  6.3  describes 
important  issues  associated  with  the  development  of  earth-sheltered 
neighborhoods  or  conmunities.  Those  issues  judged  as  most  important  in 
affecting  the  utilization  of  earth-shelters  are  discussed  in  some 
detail,  while  issues  classified  as  moderately  important  are  treated  much 
more  briefly  (for  a  more  complete  discussion  of  those  issues  rated  as 
moderately  and  least  important,  see  Appendices  A  and  B).  A  preliminary 
discussion  of  institutional  issues  associated  with  the  adoption  and  use 
of  non-residential  earth-sheltered  structures  can  be  found  at  the  end  of 
Section  6.1.  Before  we  begin  the  discussion  of  specific  issues, 
however,  a  brief  definition  of  terms  is  in  order. 

The  issues  presented  below  were  selected  from  a  preliminary  list 
of  issues  (Table  5)  complied  as  the  result  of  an  extensive  literature 
review  in  the  area  of  earth-sheltering.  The  most  significant  issues 
from  among  those  in  the  initial  listing  have  chosen  with  the  help  of  a 
subsequent  search  of  the  diffusion  of  innovation  literature  and  the 
responses  to  a  questionnaire  (Appendix  C)  distributed  to  experts 
(Appendix  D)  on  earth-shelters,  innovation  diffusion,  and  other  relevant 
subjects.  To  allow  the  priori tizat ion  of  issues,  "most  important" 
issues  are  defined  as  those  most  likely  to  have  an  immediate  or  near- 
term  effect  on  the  adoption  and  use  of  earth-sheltered  building  tech¬ 
nology  (most  often  by  presenting  a  significant  barrier  to  utilization) 
and  likely  to  require  some  type  of  timely  response  (e.g.,  a  government 
policy  initiative)  to  stimulate  utilization.  "Moderately  important" 
issues,  while  expected  to  play  a  significant  role  in  the  diffusion  of 
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earth-sheltered  building  technology,  will  have  less  immediate  impact  on 
adoption  and  use  and  will  require  less  direct  intervention.  Issues 
classified  as  “least  important"  are  expected  to  have  limited 
significance  in  the  diffusion  process  and  will  not  be  discuss'',  in  the 
body  of  this  report. 

It  is  important  to  note  that  the  prioritizat ion  of  issues  presented 
here  is  likely  to  change  over  time,  with  different  issues  assuming  dif¬ 
ferent  degrees  of  importance  as  one  stage  in  the  adoption  process 
yields  to  the  next  (Friesma,  1982).  It  should  also  be  noted  that  the 
importance  of  these  issues  has  been  judged  largely  on  their  expected 
potential  for  influencing  the  adoption  and  use  of  earth-sheltered 
residences.  Were  the  focus  of  attention  shifted  from  issues  affecting 
adoption  and  use  to  those  societal  issues  engendered  by  the  widespread 
utilization  of  this  type  of  structure,  the  relative  importance  assigned 
to  the  various  issues  hero  could  be  considerably  different.  Government 
policymakers  must  be  aware  that  if  they  choose  to  implement  measures 
designed  solely  to  encourage  the  utilization  of  this  type  of  structure, 
they  may  be  failing  to  address  other  issues  that  could  be  critical  for 
society  as  a  whole. 

6.1.  ISSUES  ASSOCIATED  WITH  THE  ADOPTION  AND  USE  OF  HAZARD-MITIGATING 
EARTH-SHELTERED  RESIDENCES 

Hazard-mitigating  earth-sheltered  structures  are  characterized  by 
the  protection  they  offer  occupants  against  a  variety  of  natural  and 
man-made  disasters,  including  radioactive  fallout.  These  structures  are 
similar  in  design  to  many  elevational  earth-sheltered  dwellings  built  in 
recent  years.  This  indicates  that  the  same  degree  of  protection  might 
be  available  to  a  sizable  proportion  of  the  earth-sheltered  market 
without  the  necessity  for  substantial  change  in  designs  or  in 
established  earth-sheltered  building  practices.  Working  against  this. 
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however,  is  the  fact  that  increasing  numbers  of  earth-sheltered 
dwellings  are  being  built  with  conventional,  exposed  roofs  (Sterling, 
1982),  lowering  costs  somewhat  but  removing  many  of  the  safety 
advantanges  traditionally  associated  with  earth-covered  buildings. 


A  compl 


ete  listing  of  important  institutional  issues  associated 


with  the  adoption  and  use  of  hazard-mitigating,  earth-sheltered 
structures  i^  presented  in  Table  6.  The  most  important  issues  will  be 
discussed  in  Section  6.1.1  and  moderately  important  issues  will  be 
treated  in  Section  6.1.2.  A  brief  discussion  of  non-residential  issues 

I 

will  be  presented  in  Section  6.1.3. 


6.1.1  Most  Important  Issues 

Two  general  types  of  issues  emerge  as  most  important  in  affecting 
the  adoptionj  and  use  of  earth-sheltered  residences.  They  are:  (1) 
issues  related  to  the  desire  to  use  such  structures,  and  (2)  issues  re¬ 
lated  to  the  ability  to  purchase  them.  Three  specific  issues  are 
singled  out  as  being  most  important  from  the  first  set  of  issues,  and 
two  are  seen  las  most  critical  from  the  second. 

6. 1.1.1  Issues  Related  to  the  Desire  to  Use  Earth-Sheltered  Residences 

This  tvpe  of  issue  is  important  in  the  adoption  of  a  variety  of 
new  technologies;  however,  it  is  likely  to  be  especially  critical  for 
earth-sheltering  because  of  the  negative  connotation  associated  with 
"living  underground"  by  many  potential  home  buyers. 

Livibi 1 ity.  Both  the  psychological  and  physical  comfort  offered 
by  earth-sheltered  structures  are  important  to  potential  customers. 
Living  and  working  underground  is  likely  to  be  difficult  for  some 
people  but  not  for  others.  Different  studies  have  revealed  widely 
divergent  reactions  to  the  underground  environment  (Lutz,  1975).  The 
most  interesting  finding  is  that  a  psychological  aversion  to  inhabiting 
earth-covered:  buildings  may  be  more  a  product  of  negative  bias  toward 
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the  underground  than  a  result  of  the  actual  physical  attributes  of 
surface  space  (Hoi  Ion,  1980).  In  order  to  compete  with  aboveground 


V  «/*./. 


Table  7.  Important  Institutional  Issues  Associated  with  the 
Adoption  and  Use  of  Hazard-Mitigating  Earth-Sheltered  Residences. 


Issues  Related  to  the  Desire  to  Use  Earth-Sheltered  Residences 
o  Livability 
o  Aesthetics 

o  Soundness  of  Investment 

Issues  Related  to  the  Ability  to  Purchase  Earth-Sheltered  Residences 
o  Availability  of  Suitably  Trained  and  Equipped  Contractors 
o  Availability  of  Mortgage  Money  at  Attractive  Rates 

MODERATELY  IMPORTANT  ISSUES 

Issues  Related  to  the  Desire  to  Use  Earth-Sheltered  Residences 
o  Expression  of  Personal  Values 
o  Conformity  to  Socially  Accepted  Image 

Issues  Related  to  the  Construction  of  Earth-Sheltered  Residences 
o  Bui lding  Regulations 
o  Land  Use  Regulations 
o  Restrictive  Covenants 

o  Availability  of  Inexpensive  Designs  and  Plans 
o  Innovation  in  the  Construction  Industry, 
o  Financing  of  Construction  Loans 

Issues  Related  to  the  Use  of  Earth-Sheltered  Residences 
o  Resale 

o  Interior  Environmental  Quality 
o  Access  to  Structure 
o  Energy  Use 

Issues  Related  to  the  Community-Wide  Effects  of  Using  Earth-Sheltered 
Residences 

o  Housing  Density 
o  Urban  Form 
o  Neighborhood  Concept 
o  Changes  in  the  Image  of  the  City 
o  Fnergy 

o  Changes  in  the  Existing  Building  Industry, 
o  Societal  Impacts  Arising  from  Policy  Initiatives  to 
Stimulate  Earth-Shel tering 
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buildings,  however,  the  warmth,  dryness,  and  light  that  are  typically 
associated  with  conventional  structures  must  be  available  in 
earth-sheltered  structures.  Also,  the  image  of  the  underground  as  damp, 
musty,  and  dark  -  markedly  undeserved  in  most  modern  earth-sheltered 
dwellings  -  must  be  dispelled. 

Aesthetics.  The  appearance  of  earth-sheltered  structures  and  their 
aesthetic  appeal  to  potential  consumers  can  strongly  influence  the 
desire  to  purchase  and  reside  in  this  type  of  dwelling.  Differences  in 
height  and  other  dissimilarities  in  appearance  between  earth-shelters 
and  more  conventional  structures  could  be  considered  a  negative  factor 
by  many  potential  customers.  According  to  Roessner  (1982),  potential 
buyers  will  be  very  reluctant  to  deviate  from  accepted  values  of 
aesthetics  or  livability  without  a  very  powerful  reason  to  give  up  those 
values.  This  problem  could  be  addressed,  however,  through  designs  that 
attempt  to  imitate  conventional  dwellings  with  a  traditionally  styled 
front  elevation  or,  conversely,  that  successfully  develop  a  unique 
earth-sheltered  aesthetic  that  emphasizes  the  warmth,  security,  and 
strength  of  building  underground  (Metz,  1980). 

Soundness  of  investment.  Perceptions  of  the  purchase  price  and 
operating  costs  of  an  earth-sheltered  structure  relative  to  those  of  a 
comparable  aboveground  structure,  the  rate  of  value  appreciation,  and 
the  ease  of  resale  can  all  be  important  in  influencing  the  desire  to 
purchase  this  type  of  dwelling. 

6. 1.1. 2.  Issues  Related  to  the  Ability  to  Purchase  Earth-Sheltered 
Residences' 

These  institutional  issues  are  of  great  importance  because  the  way 
in  which  they  are  resolved  will  directly  affect  the  costs  of  the 
earth-sheltered  structures  and  the  subsequent  ability  of  ootential 
buyers  to  afford  them. 

Availability  of  suitably  trained  and  equipped  contractors.  The 
experience  and  efficiency  of  builders  engaged  in  earth-sheltered 
construction  will  be  directly  reflected  in  the  cost  of  earth-sheltered 
dwelling  units  they  construct  (Sterling,  Aiken,  and  Carmody,  1980). 
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As  the  industry  matures,  skill  levels  increase,  the  number  of  trained 
contractors  rises  and  competition  increases,  the  importance  of  this 
issue  should  decline  and  the  prices  charged  for  earth-sheltered  housing 
units  should  decrease.  This,  in  turn,  is  likely  to  encourage  greater 
sales. 

Availability  of  mortgage  money  at  attractive  rates.  To  allow  the 
widespread  adoption  of  earth-sheltered  housing,  mortgage  money  must  be 
readily  available  at  rates  that  will  appeal  to  significant  numbers  of 
potential  buyers  (Ziebarth,  1982).  This  is  important  for  any  type  of 
dwelling,  but  especially  critical  for  earth-shelters  with  their  higher 
initial  costs.  The  willingness  of  lending  institutions  to  make  such 
money  available  is  determined  by  several  important  factors.  The  avail¬ 
ability,  or  lack  thereof,  of  mortgage  insurance  is  one  such  factor;  the 
risk  to  lending  institutions  in  case  of  default  on  an  earth-sheltered 
mortgage  would  be  greatly  reduced  if  mortgage  insurance  were  routinely 
given  on  loans  for  this  type  of  structure.  The  ease  with  which  earth- 
sheltered  mortgages  can  be  resold  on  the  secondary  market,  thus  main¬ 
taining  the  liquidity  of  the  original  lender,  can  be  another  important 
determinant  of  a  lending  institution's  willingness  to  finance  this  type 
of  building  (Korell,  1978).  Other  important  factors  are  the  ability  of 
lender  to  appraise  the  current  and  projected  resale  value  of  an  earth- 
sheltered  unit  (Sterling  et  al.,  1980),  and  whether  or  not  life-cycle 
costing  is  used  to  determine  the  ability  of  a  prospective  home  buyer  to 
repay  a  loan  (Patterson,  1978). 

6.1.2.  Moderately  Important  Issues 

Issues  of  several  different  types  fall  into  the  moderately  impor¬ 
tant  category  and  will  be  listed  below.  For  more  detailed  discussion  of 
these  issues,  see  Appendix  A. 

6. 1.2.1.  Issues  Related  to  the  Desire  to  Use  Earth-She Itered  Residences 

Two  issues  emerge  as  moderately  important  in  this  area.  One  is  the 
issue  of  personal  values,  or  more  precisely  how  these  are  expressed  in 
one's  choice  of  a  dwelling  unit.  This  issue  could  be  important  in  the 
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early  stages  of  the  adoption  process  but  should  cinrnish  as  the  market 
matures  (Roessner,  1982).  The  other  issue  is  the  closely  related  one  of 
conformity  to  a  socially  accepted  image,  and  how  the  desire  to  conform 
is  translated  into  the  decision  to  purchase  a  particular  type  of 
structure  (Moreland,  1983). 


6. 1.2. 2.  Issues  Related  to  the  Construction  of  Earth-Sheltered 
Residence? 

Several  issues  of  this  type  have  moderate  importance  for  the  adop¬ 
tion  and  use  of  earth-sheltered  residences.  They  include  building  regu¬ 
lations  and  their  effects  on  allowable  kinds  of  buildings;  land  use 
regulations;  restrictive  covenants;  the  availability  of  inexpensive 
designs  and  plans;  innovation  in  the  construction  industry  and  its 
consequences  in  terms  of  the  abilities  of  architects,  builders,  and 
developers;  and  the  financing  of  construction  loans,  which  may  be 
resolvea  when  permanent  financing  is  widely  available  (Moreland,  1983). 

6. 1.2. 3.  Issues  Related  to  the  Use  of  Earth-Sheltered  Residences 

Of  moderate  importance  here  are  the  issues  of  resale  when  an 
owner's  use  of  an  earth-sheltered  structure  draws  to  a  close;  interior 
environmental  quality,  access  and  emergency  egress  from  the  structure; 
and  energy  use. 

6. 1.2.4.  Issues  Related  to  the  Community-Wide  Effects  of  Using 
Earth-Sheltered  Residence? 

While  these  issues  are  only  of  moderate  importance  at  this  time  in 
influencing  the  adoption  and  use  of  earth-sheltered  structures,  they  can 
be  very  important  in  terms  of  their  impact  on  society.  Policymakers  can 
elevate  the  current  importance  of  these  issues  hy  predicating  any 
support  for  earth-sheltering  on  the  societal  outcomes  likely  to  result 
from  the  widespread  utilization  of  this  technology.  Specific  issues  of 
importance  include  the  effect  of  earth-sheltering  on  housing  density 
within  the  community;  potential  impacts  on  urban  form,  neighborhood 
concept,  and  the  image  of  the  city;  the  energy  implications  of  using 


energy-eff icient,  earth-sheltered  structures,  possible  changes  in  the 
existing  building  industry;  and  the  societal  impacts  arising  from  any 
policy  initiatives  taken  to  encourage  earth-sheltering.  This  last  issue 
is  of  particular  importance  because  of  the  direct  role  played  by 
government  policies  in  causing  these  impacts,  which  include  the 
acceleration  of  the  community-wide  effects  described  previously,  plus 
the  possible  encouragement  of  dif  jrent  rates  of  involvement  and 
adoption  among  different  segments  of  society. 

6.1.3.  Potential  Issues  for  Non-Residential,  Earth-Sheltered 
Structure?  ' 

While  the  primary  focus  of  this  report  is  on  issues  associated  with 
the  adoption  and  use  of  earth-sheltered  residences,  a  brief  word  is  in 
order  on  those  issues  that  may  arise  in  conjunction  with  commercial, 
institutional,  or  other  non-residential ,  earth-covered  buildings.  Those 
issues  identified  in  our  study  as  important  for  earth-covered  residences 
were  examined  for  their  potential  significance  in  the  non-residential 
arena.  The  findings  of  this  very  preliminary  analysis  are  presented 
below.  Issues  that  did  not  arise  in  the  course  of  our 
residence-focused  study  are  not  treated  here,  but  further  analysis  is 
called  for  in  order  to  identify  any  uniquely  non-resident  ial  issues  that 
may  be  expected  to  accompany  that  type  of  construct  ion. 

As  in  the  residential  sector,  issues  related  to  the  desire  to  use 
earth-sheltered  structures  are  expected  to  be  most  important  in  affect¬ 
ing  the  adoption  and  use  of  this  type  of  building  for  non-residential 
purposes.  Soundness  of  investment  is  likely  to  be  the  most  critical 
consideration  here,  Out  aesthetics,  comfort/ 1 ivabi  1  ity,  and  possibly 
safety  are  also  likely  to  be  important. 

Issues  related  to  the  ability  to  purchase  earth-she 1 tered  struc¬ 
tures,  among  the  most  important  in  the  residential  sector,  are  expected 
to  be  much  less  significant  for  non-res ident i al  buildings.  These  issues 
are  not  likely  to  be  at  all  important  where  only  natural  hazard  mitiga¬ 
tion  and  fallout  protection  are  provided.  Where  a  level  of  blast 
protection  is  provided  comparable  to  that  offered  by  crisis-upgradable 
residences,  the  issue  of  availability  of  mortgage  money  may  then  assume 
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moderate  importance  due  to  the  higher  construction  costs  that  may  be 
engendered  by  a  need  for  additional  materials  and  labor.  Most  of  the 
other  issues  in  this  area  are  not  expected  to  be  relevant  since  there  is 
currently  a  great  deal  of  contractor,  designer,  and  lender  experience 
with  massive  concrete  and  steel  construction  for  conroercial,  institu¬ 
tional,  and  other  non-residential  purposes. 

Several  issues  related  to  community-wide  effects  of  using  earth- 
sheltered  structures  should  be  moderately  important  from  a  societal 
perspective.  The  issues  of  disaster  protection  and  public  access  to 
earth-shelters  in  case  of  disaster  should  both  be  significant  because  of 
the  potential  for  this  type  of  building  to  provide  public  protection  in 
times  of  crisis.  Changes  in  the  image  of  the  city  are  also  a  possibil¬ 
ity,  but  only  if  the  designs  of  non-residential  earth-shelters  are 
substantially  different  from  those  currently  used  in  this  field.  The 
impacts  of  any  government  policies  on  various  segments  of  society  must 
also  be  considered. 

Issues  related  to  construction  are  expected  to  be  among  the  least 
important,  with  only  the  financing  of  construction  loans  and,  less 
likely,  the  issues  of  building  regulations  and  industry  innovation 
showing  any  potential  for  significant  impact.  Also  of  minor  importance 
are  issues  related  to  the  use  of  earth-shelters.  In  this  category,  only 
emergency  use  and  possibly  resale  are  expected  to  be  genuine  issues.. 

6.2.  ISSUES  ASSOCIATED  WITH  THE  ADOPTION  AND  USE  OF  CRISIS-UPGRADABLE 
EARTH-SHELTERED  RESIDENCES 

Crisis-upgradable,  earth-sheltered  structures  are  resistant  to 
peacetime  hazards  without  modification  and  can  also  be  upgraded  in  a 
relatively  short  time  to  withstand  a  weapons-induced  overpressure  of  one 
to  two  atmospheres.  This  section  will  deal  with  those  institutional 
issues  that  are  expected  to  be  important  in  influencing  the  adoption  and 
use  of  this  type  of  structure.  Virtually  all  of  the  issues  identified 
as  important  in  conjunction  with  hazard-mitigating  earth-she 1 ters  will 
also  be  important  here;  however,  only  those  issues  that  are  significant 
in  notably  different  ways  or  whose  importance  is  unique  to  this  area 
will  oe  discussed  below. 


6.2.1  Most  Important  Issues 


Table  7  lists  those  issues  judged  to  be  important  relative  to  the 
adoption  and  use  of  crisis-upgradable  earth-shelters.  Five  specific 
issues  emerge  as  most  important.  Two  of  these  are  issues  related  to  the 
desire  to  use  earth-sheltered  structures;  one  is  an  issue  related  to  the 
ability  to  purchase  this  type  of  structure;  and  two  are  issues  related 
to  the  use  of  earth-shelters. 

6. 2. 1.1  Issues  Related  to  the  Desire  to  Use  Earth-Sheltered  Residences 


Safety.  This  issue,  particularly  as  it  relates  to  fire  safety  and 
indoor  air  quality,  nas  been  mentioned  over  the  years  in  the  earth- 
shelter  literature  but  was  not  identified  by  our  panel  of  experts  as 
being  especially  important  in  influencing  a  potential  consumer's 
decision  to  buy  a  typical  earth-covered  residence.  In  the  case  of 
crisis-upgradable  earth-shel ters,  however,  the  issue  of  safety  in  the 
event  of  nuclear  war  is  likely  to  be  a  significant  one  to  those 
individuals  willing  to  spend  extra  for  this  type  of  structure.  Still, 
the  lack  of  importance  attributed  to  safety  by  our  experts  indicates 
that  this  segment  of  the  market  may  be  relatively  small. 

Response  to  preparation  for  nuclear  war.  Because  crisis-upgradable 
earth-sheltered  residences  are  clearly  designed  to  provide  protection 
against  the  effects  of  nuclear  war,  an  important  issue  for  prospective 
adopters  will  be  their  response  to  preparation  for  such  an  eventuality. 
For  some,  the  idea  of  planning  for  future  safety  in  the  event  of  war 
will  stimulate  a  positive  emotional  response  but,  for  many  others,  the 
direct  connection  between  crisis-upgradab le  buildings  and  war  is  likely 
to  stimulate  an  avoidance  reaction  to  this  type  of  structure. 


6. 2. 1.2.  Issue  Related  cO  the  Ability  to  Purchase  Earth-She 1 tered 


Res iQences 

This  issue  w_iS  discussed  earlier  as  very  important  to  the  adoption 
of  hazard-mitigating  earth-shelters.  It  is  expected  to  be  even  more 
important  for  crisis-upgradable  structures  because  of  the  higher  costs 
required  for  their  construct  ion. 
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TABLE  8.  Important  Institutional  Issues  Associated  with  the 

Adoption  and  Use  of  Crisis-Upgradable  Earth-Sheltered 
Residences3 


MOST  IMPORTANT  ISSUES 


Issues  Related  to  the  Desire  to  Use  Earth-Sheltered  Residences 
©  Safety 

©  Response  to  Preparation  for  Nuclear  War 

Issues  Related  to  the  Ability  to  Purchase  Earth-Sheltered  Residences 

©  Availability  of  Mortgage  Money  at  Attractive  Rates 

Issues  Related  to  the  Use  of  Earth-Shel tered  Residences 

©  Need  for  Access  to  Specialized  Equipment  (or  Large  Numbers  of 
People)  and  Equipment  to  Allow  Crisis  Use 
©  Emergency  Use  of  Earth-Sheltered  Strucucres 


MODERATELY  IMPORTANT  ISSUES 

Issues  Related  to  the  Community-Wide  Effects  of  Using  Earth-Sheltered 
Residences 

©  Disaster  Protection 

©  Public  Access  to  Earth-Sheltered  Structures  in  Case  of  Disaster 
©  Societal  Impacts  Arising  from  Policy  Initiative-  to  Stimulate 
Earth-Shel teri ng 


aThe  issues  identified  here  are  expected  to  be  important  specifically 
because  of  the  crisis-upgradable  nature  of  the  structures  under 
consideration.  Those  issues  identified  in  Table  3.2  as  important 
in  the  adoption  of  more  conventional  earth-shel tered  structures  are 
likewise  expected  to  be  important  here. 
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6. 2.1. 3  Issues  Related  to  the  Use  of  Earth-Sheltered  Residences 

In  order  to  upgrade  the  kind  of  earth-sheltered  structure  described 
in  Section  4  so  that  it  will  provide  blast  protection,  substantial 
amounts  of  concrete  and  earth  will  have  to  be  moved  into  position  in 
front  of  the  exposed  south  wall.  This  will  require  access  to 
earth-moving  equipment  of  the  kind  net  generally  kept  by  homeowners,  or 
the  availability  of  large  numbers  of  strong  people  to  move  the  materials 
by  hand.  Once  crisis-upgrading  is  accomplished,  additional  materials 
(e.g.,  food,  water,  medical  supplies,  sewage  facilities)  will  be  needed 
to  allow  safe  and  effective  use  by  the  occupants.  This  issue  is 
critical  for  crisis-upgradable  structures  because  it  directly  affects 
the  ability  to  use  this  type  of  building  for  its  intended  purpose  in 
case  of  emergency. 

6.2.2  Moderately  important  Issues 

Three  issues,  all  of  them  related  to  the  community-wide  effects  of 
using  earth-sheltered  structures,  have  been  identified  as  moderately 
important  in  connection  with  the  adoption  and  use  of  crisis-upgradable 
earth-sheltered  residences.  While  of  limited  importance  in  influencing 
adoption  and  use,  these  issues  can  be  very  significant  from  a  societal 
perspective.  The  issue  of  disaster  protection  can  be  significant 
because  of  the  potential  benefits  resulting  from  the  availability  of 
crisis  upgradable  structures  in  times  of  emergency.  The  issue  of  public 
access  to  earth-shelters  in  case  of  disaster  is  important  because  of  the 
likelihood  that  non-residents  will  seek  shelter  in  this  type  of 
structure  in  the  event  of  an  impending  crisis.  Societal  impacts  arising 
from  government  policy  initiatives  to  stimulate  the  use  of  such 
structures  also  deserves  mention  here.  Because  of  the  1 ife-and-death 
implication  of  owning,  or  not  owning,  a  crisis-upgradable  unit  in  case 
of  nuclear  attack,  any  policies  that  have  the  effect  of  encouraging 
different  levels  of  adoption  by  different  socioeconomic  groups  would  be 
difficult  to  justify. 
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6.3  ISSUES  ASSOCIATED  WITH  THE  DEVELOPMENT  OF  EARTH-SHELTERED 
NEIGHBORHOODS  OR  COMMUNITIES 

Important  issues  associated  with  the  development  of  entire 
earth-sheltered  neigborhoods,  subdivisions,  or  communities  will  include 
most  of  those  issues  identified  in  Section  6  plus  a  set  of  additional 
issues  stemming  from  the  unique  circumstances  associated  with 
development  at  this  scale.  Those  issues  peculiar  to  earth-sheltered 
development  of  this  magnitude  are  listed  in  Table  8  and  discussed 
briefly  below. 

6.3.1  Most  Important  Issues 

Nine  issues  are  identified  as  being  most  important  in  affecting  the 
adoption  and  use  of  earth-sheltered  neighborhoods  or  communities.  These 
fall  into  four  separate  categories:  issues  related  to  the  desire  to  use 
earth-sheltered  structures;  issues  related  to  the  ability  to  purchase 
earth-shelters;  issues  related  to  the  construction  of  such  structures; 
and  issues  related  to  the  community-wide  effects  of  using  them. 

6.3.1. 1.  Issues  Related  to  the  Desire  to  Use  Earth-Sheltered 
Residences' 

While  the  appearance  of  individual  earth-sheltered  buildings  was 
discussed  earlier  as  influencing  the  adoption  of  this  type  of  structure, 
the  issue  of  aesthetics  on  a  neighborhood  scale  emerges  as  important 
when  we  shift  our  focus  from  single  structures  to  entire  subdivisions  or 
communities.  Not  only  is  the  appearance  of  the  individual  home  under 
consideration  likely  to  be  of  significance  to  a  potential  buyer,  but  the 
combined  aesthetic  appeal  of  all  the  houses  and  associated  open  spaces 
for  an  entire  block  or  subdivision  is  likely  to  influence  the  decision 
to  buy.  The  related  subject  of  "neighborhood  concept"  and  "changes  in 
the  image  of  the  city"  will  be  discussed  later  in  this  section  under 
community-wide  issues. 
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TABLE  9.  Important  Institutional  Issues  Associated  with  the 

Development  of  Earth-Shel tered  Neighborhoods  or  Communities* 


MOST  IMPORTANT  ISSUES 


Issues  Related  to  the  Desire  to  Use  Earth-Sheltered  Residences 
©  Aesthetics 


Issues  Related  to  the  Ability  to  Purchase  Earth-Sheltered  Residences 

©  Availability  of  Mortage  Money  at  Attractive  Rates 
©  Ability  of  Earth-Shel tered  Neighborhoods/Communities  to  Reduce  Costs 

Issues  Related  to  the  Construction  of  Earth-Sheltered  Residences 

©  Financing  of  Construction  Loans 

©  Difficulty  in  Building  Neighborhood/Community  as  Planned 

Issues  Related  to  the  Community-wide  Effects  of  Using  Earth-Sheltered 
Residences 

©  Housing  Density 
©  Urban  Form 
©  Neighborhood  Concept 
©  Changes  in  the  Image  of  the  City 


MODERATELY  IMPORTANT  ISSUES 

Issues  Related  to  the  Construction  of  Earth-Shel tered  Residences 
©  Land  Use  Regulations 

©  Limited  Experience  of  Planners  and  Regulators 


aThe  issues  identified  here  are  expected  to  be  important  specifically 
because  of  the  neighborhood/community  scale  of  the  development  under 
consideration.  Those  issues  identified  in  Table  3.2.  as  important  in 
the  adoption  of  individual  earth-shel tered  structures  are  likewise 
expected  to  be  important  here. 
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6. 3. 1.2  Issues  Related  to  the  Ability  to  Purchase  Earth-Sheltered 
Residences 

Availability  of  mortgage  money  at  attractive  rates.  Once  more  this 
issue  emerges  as  among  the  most  important  for  adoption.  It  is  mentioned 
here  to  point  out  that  if  an  earth-sheltered  structure  is  part  of  an 
entire  neighborhood  or  community  of  similar  structures,  this  is  likely 
to  be  a  factor  in  the  decision  of  the  lending  institution  reviewing  the 
potential  buyer's  loan  application. 

Ability  of  earth-sheltered  neighborhoods/communities  to  reduce 
costs.  There  are  a  number  of  ways  in  which  building  earth-sheltered 
dwellings  at  the  neighborhood  or  community  scale  can  help  reduce  total 
costs.  Land  costs  per  unit  can  be  less  than  for  more  conventional 
units  because  of  the  potential  for  building  at  higher  densities  (Section 
6. 3. 1.4).  Construction  costs  can  also  be  controlled  when  building  at 
this  scale  by  distributing  management  expenses  and  other  fixed  costs 
over  a  large  number  of  units.  In  all  these  ways,  the  development  of 
earth-sheltered  buildings  on  a  large  scale  can  result  in  lower  costs  for 
potential  consumers. 

6. 3. 1.3  Issues  Related  to  the  Construction  of  Earth-Sheltered 
Residences 

Financing  of  construction  loans.  Obtaining  construction  loans  is 
extremely  important  for  prospective  builders  and  developers,  yet 
financing  may  be  difficult  to  arrange  because  of  the  financial 
community's  current  lack  of  experience  with  earth-sheltered  buildings 
and  neighborhoods  (Sterling,  Aiken,  and  Carmody,  1980).  this  issue  is 
expected  to  to  be  especially  important  at  this  scale  because  of  the 
large  amounts  of  money  that  will  be  needed  to  develop  entire 
earth-sheltered  subdivisions  and  communities. 

Difficulty  in  building  neighborhood/community  as  planned.  Once  the 
decision  has  bee  made  to  build  on  the  neighborhood  or  community  scale,  a 
developer  may  still  encounter  problems  in  implementing  his  or  her  plan. 
The  need  for  good  south-facing  slopes,  where  passive-solar  elevational 
designs  are  used,  may  present  difficulties,  as  might  the  need  to  protect 
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solar  access  on  a  large  scale  (Jaffee  and  Erley,  1979).  Another 
potential  problem  arises  where  the  developer  sells  lots  to  individual 
builders  or  owners  wishing  to  construct  their  own  residences.  In  such  a 
case,  there  may  be  difficulties  in  assuring  that  earth-sheltered 
buildings  compatible  with  the  rest  of  the  development  are  actually 
built. 

6. 3. 1.4  Issues  Related  to  the  Community-Wide  Effects  of  Using  Earth- 
Sheltered  kesidences 

The  issues  of  housing  density,  urban  form,  neighborhood  concept, 
and  image  of  the  city  are  considered  extremely  important  at  this  scale 
of  development  for  two  reasons.  First,  when  earth-sheltered  structures 
are  placed  in  entire  neighborhoods  or  communities,  these  issues  can  play 
a  significant  role  in  influencing  the  desire  of  individual  consumers  to 
use  this  type  of  building.  Secondly,  the  potential  for  community-wide 
impacts  becomes  much  more  obvious  at  this  scale,  so  the  argument  for 
considering  them  important  should  be  more  compelling  despite  our 
original  orientation  toward  issues  affecting  adoption  and  use. 

Housing  density.  In  practice,  earth-sheltered  dwellings  have 
frequently  been  located  on  large  lots  in  suburban  or  rural  locations. 
In  theory,  however,  earth-covered  construction  offers  the  possibility  of 
placing  dwelling  units  at  higher-than-average  residential  densities  in 
single-family  and  some  kinds  of  multi-family  developments  without 
adverse  community  effects  (Moreland,  1975,  1983).  This  is  possible 
because  of  the  greater  visual  privacy  and  sound  insulation  offered  by 
earth-shelters,  the  fact  that  less  surface  space  is  required  per  unit, 
and  the  opportunity  afforded  by  earth-covered  structures  for  building  on 
steep  slopes  (Thorsen  and  Rue,  1980)  and  other  normally  undesirable 
lots. 

Urban  form.  In  addition  to  allowing  higher  residential  densities, 
the  widespread  use  of  earth-sheltered  structures  could  also  lead  to 
other  mcdif icatir ^s  in  urban  form.  Because  the  greatest  part  of  an 
earth-sheltered  structure  is  located  beneath  the  surface,  the 
opportunity  for  multiple  uses  within  the  same  development  is  much 
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greater  with  earth-sheltered  than  with  conventional  construction.  Open 
space  and  residential  uses  can  both  be  optimized  (Sterling,  Aiken,  and 
Carmody,  1980;  Wells,  1976),  and  historic  structures  can  be  preserved  by 
placing  new  development  underground  (Fairhurst,  1976).  Mixed  land  uses 
may  be  acceptable  in  earth-sheltered  developments,  because  of  the 
natural  sound  and  site  buffers  provided.  Finally,  the  higher  densities 
allowed  through  earth-sheltering  can  encourage  greater  public  use  of 
mass  transit  and  reduce  the  demand  for  local  streets  and  highways 
(Barker,  1980). 

Neighborhood  concept.  It  has  been  suggested  that  the  greater 
privacy  afforded  by  earth-sheltered  development  can  erode  residents' 
“sense  of  neighborhood"  by  reducing  visual  contact  between  neighboring 
structures  and  lots.  Opportunities  for  interaction  and  the  ability  to 
"keep  an  eye"  on  neighbors'  properties  can  diminish.  If  the  cohesion  of 
neighborhoods  does,  in  fact,  decline,  the  importance  of  the  town  center 
may  increase  correspondingly  to  help  fill  residents’  need  for  community. 
It  can  also  be  posited,  however,  that  neighborliness  could  actually 
increase  through  the  provision  of  common  open  areas  atop  houses  and  in 
yards  that  promote  a  stronger  sense  of  shared  neighborhood  space. 

Changes  in  the  image  of  the  city.  Without  the  prominent  house 
profiles  associated  with  conventional  aboveground  construction, 
earth-sheltered  communities  may  become  less  "imageable"  (Lynch,  1960), 
presenting  a  weaker  and  less  impressive  image  of  the  city  for  its 
occupants.  On  the  other  hand,  it  is  also  possible  that  the  greater 
emphasis  on  natural  contours  and  vegetation  that  is  likely  to  accompany 
extensive  earth-sheltered  development  could  strengthen  the  city's  image, 
particularly  in  areas  with  striking  natural  features  that  could  be 
blunted  by  more  conventional  construction  practices.  At  the  same  time, 
by  burying  our  housing  units,  the  visual  announcement  of  status 
differentials  among  houses  and  neighborhoods  may  be  reduced. 
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Two  issues  related  to  the  construction  of  earth-sheltered 

residences  are  considered  moderately  important  in  terms  of  the 
development  of  earth-sheltered  neighborhoods  or  communities.  Land  use 
regulations  were  mentioned  earlier  as  a  potential  barrier  to  the 
construction  of  individual  earth-sheltered  structures,  but  they  are 
cited  again  in  this  context  because  of  the  difference  in  scale.  The 
second  issue  of  interest  is  the  limited  experience  of  planners  and 

regulators,  particularly  at  this  large  scale,  which  can  result  in  a  lack 
of  positive  guidance  to  builders  and  developers  and  a  limited 

willingness  to  approve  this  kind  of  development. 

In  this  section  we  have  discussed  a  broad  range  of  important 
institutional  issues  associated  with  the  adoption  and  use  of 
earth-sheltered  structures,  focusing  primarily  on  those  issues 
influencing  adoption  and  use  but  also  pointing  out  the  societal 
implications  of  earth-shel tering.  In  the  next  section,  potential  policy 
options  will  be  examined  that  can  be  used  to  address  the  issues 

highlighted  here. 
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7.  POLICY  OPTIONS  FOR  EARTH-SHELTERING 

The  identification  and  evaluation  of  policy  options  or  instruments 
are  conventionally  guided  by  a  number  of  critical  factors  including  the 
goals,  objectives,  or  desired  outcomes  of  the  sponsor,  the  feasibility 
of  implementing  the  option,  and  the  anticipated  direct  impacts  of  imple¬ 
mentation.  In  the  present  case,  where  the  generic  goal  is  to  encourage 
private  sector  adoption  of  earth-sheltered  (ES)  residence,  an  additional 
evaluative  criterion  is  the  ability  of  the  option  to  enhance  adoption. 
Following  an  elaboration  on  useful  criteria  for  evaluating  policy  alter¬ 
natives,  this  section  sequentially  identifies,  evaluates  and  charac¬ 
terizes  those  policy  options  and  associated  implementation  programs  that 
appear  to  be  most  promising  in  terms  of  achieving  the  three  component 
goals  of  an  ES  residence  adoption  program  (i.e.,  encourage  the  private 
sector  adoption  of  hazard-mitigating  ES  residences;  encourage  the  pri¬ 
vate  sector  adoption  of  crisis-upgradab le  residences;  and  encourage  the 
development  of  entire  ES  neighborhoods  and  communities). 

7.1  CRITERIA  FOR  EVALUATING  POLICY  OPTIONS 

Selection  of  appropriate  policy  options  should  be  based  on  the 
simultaneous  consideration  of  multiple  criteria.  One  policy  instrument 
might  be  favored  solely  in  terms  of  one  criterion  but  score  poorly  on 
other,  equally  important  criteria;  in  such  a  case  this  policy  option 
would  not  be  nominated  as  one  for  further  consideration  unless  feasible 
ways  exist  to  mitigate  or  ameliorate  its  scoring  poorly  on  the  other 
criter la. 

7.1.1  Institutional  Issue  or  Barrier 

As  noted  in  the  previous  section  there  are  a  number  of  insti¬ 
tutional  issues  that  appear  to  present  barriers  of  varying  degrees  of 
importance  to  the  realization  of  the  goals  of  an  ES  residence  adoption 
program.  Clearly  it  is  important  to  select  policy  options  that  address 
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the  most  serious  of  these  barriers  to  the  adoption  of  ES  residences.  At 
the  same  time,  care  must  be  taken  to  ensure  that  a  policy  mechanism  that 
may  successfully  address  one  barrier  does  not  aggravate  others. 
Although  the  key  institutional  issues  have  already  been  identified  (see 
Section  6),  it  is  important  here  to  note  that  as  we  move  from  the 
most  conservative  to  the  most  radical  goal  (i.e.,  from  the  adoption  of 
hazard-mitigating  ES  residences  to  the  development  of  ES  neighborhoods 
or  communities),  the  number  of  important  or  moderately  important 
institutional  issues  or  barriers  increases  substantially.  In  the  former 
case,  issues  related  to  the  desire  to  use  ES  residences  and  the  ability 
to  purchase  ES  residences  are  deemed  most  important;  in  the  case  of 
developing  ES  neighborhoods  or  communities,  these  issues  are  joined  by 
issues  related  to  the  construction  of  ES  neighborhoods  and  the 
community-wide  effects  of  such  development.  It  is  also  important  to 
note  that  the  range  of  important  issues  is  extremely  diverse,  limiting 
the  effectiveness  of  any  single  policy  option.  For  instance,  a  single 
policy  instrument  cannot  simultaneously  ensure  the  availability  of 
suitably  trained  and  equipped  contractors  and  guarantee  the  soundness  of 
one's  investment  in  ES  residences.  Both  concerns  need  to  be  addressed 
but  no  single  instrument  is  capable  of  resolving  both  issues. 

The  winnowing  of  institutional  issues  found  in  Section  6  helps  iri 
the  identification  and  evaluation  of  policy  options  in  a  dual  sense.  It 
limits  and  prioritizes  issues  for  which  policy  options  need  to  be  iden¬ 
tified  and,  more  importantly,  it  provides  a  substantive  context  for  the 
design  of  policy  options.  Thus,  in  Sections  7.3  through  7.5  we  con¬ 
centrate  our  attention  on  policy  options  addressing  the  most  important 
issues  related  to  each  of  the  three  programmatic  goals  and  do  not  iden¬ 
tify  policy  options  for  less  important  issues. 

7.1.2  Ability  to  Enhance  Adoption 

Since  the  generic  goal  is  to  enhance  the  adoption  of  ES  residences 
it  is  important  to  develop  policy  instruments  that  meet  this  goal. 
Thus,  the  policy  instruments  should  be  sensitive  to  those  features  of 
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adoption  and  diffusion  processes  {noted  <n  Section  5)  that  appear  to  be 
related  to  successful  adoption: 

(1)  early  and  comprehensive  identification  and  segmentation  of  the 
the  market; 

(2)  use  of  existing  information  and  communications  networks 
appropriate  to  the  different  stages  of  the  adoption 
process; 

(3)  development  of  innovation  supply  capabilities  or  of  the  in¬ 
novation  delivery  system; 

(4)  development  of  policy  initiatives  and  strategies  that  address 
specific  institutional  issues  or  barriers  (see  Section  7.2.1) 
in  specific  segments  of  the  marxet  at  specific  times  in  the 
adoption  process;  and 

(5)  introduction  and  maintenance  of  ongoing  evaluations  of  the 
success  or  failure  of  the  policy  instrument,  to  identify 
appropriate  modifications. 

While  the  diffusion  literature  at  present  offers  no  general  models 
that  can  be  used  to  guide  the  development  of  appropriate  policy  instru¬ 
ments  for  ES  residence  adoption  (for  the  reasons  identified  in  Section 
5),  the  design  of  measures  based  on  these  five  principles  will  strongly 
influence  the  potential  success  of  any  adoption  program. 

7.1.3  Feasibi 1 i Ly  of  Policy  Implementation 

The  eventual  selection  of  policy  instruments  should  also  be 
constrained  by  the  feasibility  of  their  implementation.  Recent  research 
regarding  policy  implementation  indicates  that  policy  and  program  imple¬ 
mentation  is  a  very  complex  process  with  multiple  opportunities  for 
failure  (Mazmanian  and  Sabatier,  1981;  Mann,  1982,  Ingram  and  Mann, 
1980;  Pressman  and  Wildavsky,  1973;  Bardach,  1977;  and  Jones,  1975). 
This  literature  also  identifies  a  fairly  consistent  set  of  variables 
explaining  why  implementation  fails  or  succeeds.  Mazmanian  and 
Sabatier,  for  instance,  specify  three  generic  factors  that  affect 
implementation  -  the  tractability  of  the  problem;  the  ability  of  the 
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decision  or  other  policy  output  to  structure  the  implementation  process 
favorably;  and  the  effect  of  various  political  and  economic  variables  on 
support  for  program  objectives.  Others  concentrate  on  the  importance  of 
identifying,  early  on,  all  of  the  affected  interests  and  their  stakes 
and  structuring  the  program  or  policy  to  take  these  interests  into 
account,  particularly  if  one  or  more  of  these  interests  can  effectively 
veto  or  sabotage  the  entire  effort  (Lowi,  1975;  Carnes,  1982).  Yet 
other  evaluation  frameworks  indicates  that  options  should  be  based  on 
factors  such  as  cost,  their  administrat ive  complexity,  and  their  flexi¬ 
bility. 

This  literature  in  general,  then,  tells  us  that  policy  instruments 
should  be  selected  on  the  basis  of  their  ability  to  address  tractable 
problems,  demand  the  support  of  multiple  and  occasionally  competing  con¬ 
stituencies,  and  be  cognizant  of  existing  and  projected  dominant  social, 
political,  and  economic  values  in  society.  They  should  enjoy  the 
support  of  potential  adopters  and  innovators  (part icul ar ly  within  the 
innovation  delivery  system--contractors,  lenders,  developers,  and 
regulators),  and  ‘hould  address  those  segments  of  society  most  likely  to 
innovate  and  lead  others  toward  the  adoption  of  ES  residences. 

7.1.4  Impacts  of  Implementing  Policy  Options 

Policy  options  should  also  be  selected  on  the  basis  of  the  increct 
impacts  of  their  imp  lementat  ion.  If,  for  example,  two  policy  instru¬ 
ments  are  likely  to  result  in  equivalent  levels  of  ES  residence  adoption 
(i.e.,  the  direct  impact)  and  be  equally  feasible  in  terms  of  implemen¬ 
tation,  the  option  should  be  chosen  that  results  in  the  most  favorable 
and  least  unfavorable  indirect  impacts. 

The  kinds  of  indirect  impacts  that  can  result  from  policy  or 
program  imp  1 emont at  ion  are  varied.  It  is  useful  to  categorize  them 
according  to  the  substance  of  the  impact  ( e . g . ,  economic,  env ironment a  1 , 
social  and  political),  thp  recipient  of  the  impact  (e.g.,  geographic 
region,  and  class  or  group  of  ind i v idua 1 s ) ,  and  the  expected  time  frame 
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of  the  impact  (e.g.,  immediate,  midterm,  and  long  term).  For  instance, 
it  has  been  suggested  that  policymakers  should  be  sensitive  to  and  eva¬ 
luate  the  economic  and  institutional  impacts  of  a  major  ES  adoption  ini¬ 
tiative  on  the  local  building  industry  in  various  regions  of  the 
country.  Some  regions  and  their  conventional  housing  industries  might 
be  better  able  to  innovate  ar.d  market  ES  residences  than  others,  and 
some  might  be  adversely  impacted  by  such  an  initiative,  leading  to  other 
economic  and  political  problems  (Morony,  1983).  A  tax  credit  policy 
option,  to  take  another  example,  may  implicitly  target  middle-  and 
upper-  middle-class  individuals  and  families  and  lead  to  a  perception  by 
those  less  fortunate  that  they  are  expendable  in  time  of  natural  hazard 
or  man-made  crisis,  even  if  other  elements  of  a  comprehensi ve  civil 
defense  program  attend  to  their  protection;  it  may  well  be  that 
differential  perceptions  of  the  quality  of  protection  (e.g.,  being  in  a 
single-family  residence  rather  than  an  institutional  protective 
structure  or  being  relocated)  may  lead  to  feelings  of  inequitable 
treatment  and  result  in  significant  societal  impacts. 

7.1.5  Scoring  by  Panel  of  Experts 

An  important  part  of  the  research  performed  in  this  study  involved 
an  evaluation  of  various  policy  instruments  by  a  panel  of  experts  (see 
listing  in  Appendix  D).  While  these  experts  were  not  asked  to  evaluate 
these  instruments  in  light  of  all  of  the  criteria  noted  here,  they  were 
asked  to  identify  those  policy  options  that  were  the  most  likely  to  be 
successful  in  encouraging  the  adopt  ion  and  use  of  ES  housing.  This 
evaluation  served  as  a  check  upon  our  own  evaluation  and  acted  as  an 
important  input  in  our  subsequent  analyses. 

7.1.6  Composite  Scores  of  Policy  Suitability 

The  foregoing  criteria,  taken  together,  provide  a  mechanism  for 
evaluating  a  diverse  range  of  policy  options.  Table  9  summarizes  these 


Institutional  Issues  or  Barrier  Addresses 

Most  ,'mportant  and  Moderately  Important  Issues  (See  Tables  6-8) 


Ability  of  Policy  to  Enhance  Adoption 

Degree  of  Market  Segmentation 
Use  of  Existing  Networks 

Development  of  Oelivery  System  Infrastructure 
Specificity  of  Issue  or  Barrier  Addressed 
Opportunity  for  Policy  Revision 


Feasibility  of  Policy  Implementation 

Tractability  of  the  Problem 

Ability  to  Structure  Implementation 

Compatabi 1 ity  with  Existing  Values  and  Practices 

Stakeholder  Groups/Implementing  Groups 

Implementation  Complexity  and  Cost 


Direct  and  Indirect  Impacts  of  Policy  Implementation 

Substance  of  Policy  Impact 
Recipient  of  Policy  Impact 
Time  Frame  of  Policy  Impact 
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criteria.  As  can  be  seen,  these  criteria  are  often  interactive.  The 
conventional  home  building  industry,  for  example,  would  likely  be  a  key 
actor  in  the  ES  residence  adoption  process  and  would  occupy  a  variety  of 
roles.  It  is  one  of  the  most  important  segments  of  the  existing 
infrastructure  essential  to  the  adoption  process,  particularly  in  terms 
of  its  ability  to  enter  and  sustain  a  position  in  the  market;  it 
certainly  could  be  impacted  differentially  by  alternative  policy 
options;  and  it  would  undoubtedly  play  a  key  role  in  developing  policy 
options  and  help  to  structure  that  policy's  implementation. 

The  remainder  of  this  section  sequentially  identifies  and  discusses 
those  policy  options  that  are  judged  to  be  most  promising  in  terms  of 
achieving  the  three  component  goals  of  an  ES  residence  adoption  program. 
These  options  have  been  culled  from  the  original  comprehensive  listing 
of  policy  options  evaluated  by  our  expert  panel  (see  Table  10). 
Further,  for  each  programmatic  goal,  only  those  options  that  address  the 
most  important  institutional  issues  or  barrier  (see  Tables  6-8)  are 
identified  and  discussed. 

7.2  POLICIES  TO  ENHANCE  ADOPTION  OF  HAZARD-MITIGATING  EARTH-SHELTERED 

RESIDENCES 

It  has  previously  been  noted  that  the  most  important  institutional 
issues  or  barriers  associated  with  the  adoption  of  hazard-mitigating 
earth-sheltered  residences  are  related  to  the  desire  to  use  and  the 
ability  to  purchase  such  structures.  More  specific  issues  within  these 
broad  categories  include  the  real  or  perceived  livability  and  aesthet- 
tics  of  ES  residences  and  the  availability  of  sufficient  mortgage  money 
at  attractive  rates  to  allow  potential  buyers  to  adopt  ES  residences. 

It  was  generally  agreed  by  our  panel  of  experts  that,  from  among 
the  lengthy  list  of  potential  policy  options,  education  and  financial 
incentives  were  tne  policy  programs  most  likely  to  be  successful  in 
enhancing  the  adoption  of  ES  residences.  Within  these  two  broad 
programs,  specific  instruments  need  to  be  developed  tnat  are  compatible 
with  the  evaluative  criteria  previously  established. 
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Table  11.  Complete  Listing  Of  Potential  Policy  Options 
To  Encourage  the  Adoption  and  Use  of  Earth- 
Sheltered  Residences 


1.  Educate  all  Sectors  of  Society  about  Earth-Shel tered  Residences 

a)  Educate  the  public  concerning  the  advantaoes  of  earth-shel tering 

(Da 

b)  Construct  demonstration  facilities  for  hands-on  experience  with 
earth-shel tered  structures  (I) 

c)  Educate  builders  concerning  the  competitive  advantage  offered 
by  large-scale  construction  with  minimum  management  costs  and 
profits  per  unit  (11,111) 

d)  Educate  public  in  earth  'iieltered  construction  techniques  in 
order  to  encourage  owner-built  structures  ana  the  reduction  of 
front-end  costs  (Ill) 

e)  Educate  financial  community  on  advantages  of  earth-shel teri ng 

(HI) 

f)  Develop  public  education  programs  on  proper  maintenance  and 
ventilation  (IV) 

g)  Compile  and  disseminate  resale  information  (!V) 

h)  Disseminate  information  on  the  use  and  availability  of  earth- 
sheltered  structures  for  disaster  protection(V) 

i)  Educate  local  planning  boards  on  advantages  and  organization  of 
underground  space  (V) 

2.  Enhance  the  Skills  of  Builders  and  Regulators  in  the  Area  of 

Earth-Shel tered  Construction 

a)  Develop  programs  to  retool  builders  and  regulators  (II) 

b)  Distribute  "certified"  builder  training  programs  (III) 

3.  Utilize  the  Taxing  Power  to  Increase  the  Attractiveness  of  the 

Earth-Shel tered  Option 

a)  Subsidize  contractors  through  tax  credits  (II) 

b)  Encourage  "do-it-yoursel f"  construction  through  tax  credits  to 
Individuals  and/or  builders  (III) 

c)  Subsidize  buyers  through  income  tax  credits  (III) 

d)  Increase  taxes  on  conventional  fuels  (IV) 

e)  Pass  preferential  property  tax  rates  ( IV) 


aNunbers  in  parentheses  indicate  the  Institutional  Issues  which 
the  policy  options  addresss,  where  I  is  the  desire  to  use  ES 
structures,  II  is  related  to  the  construction  of  ES  structures, 

III  is  the  ability  to  purchase  ES  structures,  IV  is  the  use  of  ES 
structures,  and  V  is  the  community -wide  effects  of  using  ES  structures. 
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Table  11  (continued) 


4.  Promote  the  Development  of  Building  Standards  and  Regulations 
that  will  Encourage  the  Further  Use  of  Earth-Sheltering 

a)  Establish  earth-shelter  safety  and  comfort  standards  (I) 

b)  Extend  model  building  codes  and  HUD  Minimum  Property  Standards 
(II) 

c)  Develop  licensing  requirements  for  builders  and  trainers  (II) 

d)  Promulgate  stringent  energy-use  standards  for  all  structures  (V) 


5.  Promote  Land  Use  Planning  and  Regulation  that  will  Encourage 

Earth-Sheltering 

a)  Create  model  earth-sheltered  land  use  controls  (II) 

b)  Develop  and  disseminate  model  solar  access  protection  measures 
(IV) 

c)  Encourage  community  designs  that  optimize  neighborhood 
cohesiveness  (IV) 

d)  Encourage  inclusion  of  underground  space  in  community 
development  plans  (V) 

e)  Develop  model  plans  for  earth-shel tered  neighborhoods  (V) 

f)  Encourage  greater  urban  density  (V) 

g)  Pass  stricter  environmental  controls  for  above-ground  buildings  (V) 

h)  Require  Environmental  Impact  Statement  for  large  development 
projects  (V) 


6.  Use  the  Direct  Expenditure  of  Government  Funds  to  Stimulate 

the  Increased  Use  of  Earth-Shel tered  Residences 

a)  Build  government  facilities,  including  public  housing,  on  ES 
basis  ( I , V) 

b)  Build  earth-shel tered  residences  for  sale  or  lease  to  private 
users  (II) 

c)  Purchase  naterials  in  bulk  for  resale  to  Individual  builders 
in  order  to  minimize  cost  (III) 

d)  Provide  direct  subsidies  f.or  occupants  agreeing  to  share  their 
earth-shel tered  dwellings  in  case  of  emergency  (V) 

e)  Provi  e  grants  to  communities  for  useful  facilities  that  would 
double  as  shelters  (V) 


7.  Increase  the  Amount  of  Money  Available  for  Loans  on  Earth-Shel tered 
Residences  at  Attractive  Rates 

a)  Provide  low-interest ,  assumable  loans  to  promote  resale  (I  $  III) 

b)  Expand  loan  insurance  programs  (III) 

c)  Provide  construction  loans  (II) 

d)  Establish  loan  insurance  programs  for  construction  loans  (II) 

e)  Encourage  purchase  of  earth-shel tered  mortgages  on  secondary 
market  (III) 


Table  11  (continued) 


8.  Assure  the  Availability  of  Attractive  Insurance  Policies  for 
Earth-Sheltered  Residences 

a)  Provide  insurance  to  cover  construction-period  liability  (II) 

b)  Encourage  preferential  insurance  policies  for  building  owners  (IV 


9.  Assure  the  Availability  of  Building  Materials,  Techniques,  and 
Plans  for  Hi gh-Qual ity ,  Cost-Effective  Earth-Sheltered  Residences 

a)  Aid  developers  in  design  refinements  (I) 

b)  Sponsor  research  and  development  to  facilitate  earth-shel tered 
construction  (II) 

c)  Develop  and  disseminate  proven  standardized  plans  for  earth- 
sheltered  structures  (II  4  III) 
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7.2.1  Education 

The^e  was  general  agreement  that  many  segments  of  the  public  need 
to  be  educated  about  £S  residences  before  any  expeditious,  effective, 
and  efficient  penetration  of  the  market  can  occur.  These  include  the 
general  public  as  the  nominal  consumers  and,  equally  important,  members 
of  those  institutions  that  affect  the  provision  or  supply  of  housing  - 
builders,  planners,  the  financial  community,  and  real  estate  firms, 
among  others. 

To  the  extent  that  consumers,  or  potential  consumers,  are  even 
aware  of  ES  housing,  they  are  believed  to  be  most  concerned  about  the 
livability  and  aesthetics  of  ES  housing  as  well  as  the  soundness  of  an 
investment  in  such  unconventional  housing.  Moreover,  they  appear  to  be 
relatively  unaware  of  limited  existing  policies  permitting  or 
encouraging  the  purchase  of  ES  housing,  such  as  the  Department  of 
Housing  and  Urban  Development's  (HUD's)  instruction  to  field  offices  to 
look  for  ways  to  approve  earth-sheltered  structures  rather  than  to  turn 
them  down  (Morony,  1982). 

Educating  the  public  about  the  livability  and  aesthetics  of  uncon¬ 
ventional  housing,  such  as  ES,  will  not  be  easy.  One  of  our  experts 
noted  that  consumers  need  to  see,  to  feel,  and  to  get  hands-on 
experience  before  they  will  be  convinced  that  ES  housing  is  suitable  for 
them  (Thomas,  1982).  Thomas  recommended  support  for  demonstration  homes 
at  events  such  as  state  fairs  where  tours  and  visits  would  impart  first¬ 
hand  experience  with  ES  housing.  In  addition  to  such  demonstrations, 
plans  of  existing  ES  homes  that  are  livable  and  aesthetically  pleasing 
might  be  disseminated  through  existing  networks  (e.g.,  home  builders 
associations,  real  estate  firms  and  associations),  and  other  plans  might 
be  developed  and  tested  for  eventual  dissemination  (e.g.,  Tennessee 
Valley  Authority's  "Solar  Homes  for  the  Valley".  It  is  important  in 
this  case  to  develop  plans  that  would  be  attractive  to  those  segments  of 
the  market  most  likely  to  innovate  -  the  young  and  well-educated  who  are 
fairly  well  off  but  who  are  also  likely  to  have  limited  investment  capi¬ 
tal.  Some  of  our  experts  noted  that  educating  potential  customers  about 
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the  hazard-mit igating  features  of  an  ES  house  might  actually  have  an 
adverse  effect  in  terms  of  enhancing  adoption,  presumably  because  of  the 
negative  connotations  some  people  may  have  about  taking  positive  action 
to  mitigate  the  effects  of  disasters,  both  natural  and  man-made 
(Courville,  1982;  Roessner,  1982;  Sterling,  1982).  It  should  be  noted 
that  the  dissemination  of  such  information  might  be  useful  in  some 
regions  that  are  prone  to  particular  types  of  disasters  (e.g.,  tornadoes 
in  the  Midwest),  as  an  element  of  an  overall  education  program,  however, 
such  inrormation  may  be  counterproductive. 

Educating  the  public  regarding  the  soundness  of  an  investment  in  ES 
housing  is  also  likely  to  be  difficult.  While  a  national  ES  housing 
loan  data  bank  (Sterling,  1982)  would  be  somewhat  useful  in  this  regard, 
there  is  a  good  chance  that  consumers  will  be  more  sensitive  to  ES 
housing  activity  in  their  particular  region.  They  may  require  assurance 
that  their  homes  will  be  marketable  to  others  like  them  in  their  area 
and  may  not  be  convinced  by  the  marketabi  1  ity  of  ES  housing  in  other 
regions.  Local  and  regional  ES  housing  loan  data  banks,  including 
information  on  loans,  house  sales,  resales,  appraisals,  and  time  on  the 
market  might  help  to  alleviate  the  concerns  of  potential  consumers 
regarding  the  soundness  of  an  investment  in  ES  housing.  Such  programs 
might  be  modeled  on  the  existing  efforts  at  the  University  of 
Minnesota's  Underground  Space  Center. 

In  addition  to  educating  the  potential  consumer,  it  is  important  to 
educate  persons  in  the  relevant  inf rastructure.  Ou  *  oanel  of  experts 
generally  agreed  that  the  financial  community,  architects,  builders  and 
developers,  planners,  appraisers,  and  real  estate  firms  need  to  be  edu¬ 
cated  about  ES  housing  and  how  its  envelopment  would  affect  and  could  be 
affected  by  their  institutions  and  actions.  It  should  be  acknowledged 
that  governmental  leverage  over  these  institutions  is  somewhat  limited. 
In  the  the  interest  of  using  existing  institutional  networks,  perhaps 
they  should  develop  their  own  education  programs  with  technical 
assistance,  whei  u  needed,  from  appropriate  governmental  agencies  (e.g., 
HUO,  the  Department  of  Energy,  and  FEMA).  Builders,  for  instance,  might 
wish  to  support  such  programs  so  that  their  efforts  have  a  better  chance 
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of  being  productive  in  terms  of  actual  sales.  The  financial  community 
might  educate  its  loan  officers  about  ES  housing  attributes  normally 
omitted  from  the  loan  decision-making  process,  such  as  energy  costs  and, 
in  the  current  case,  the  hazard-mitigating  (and  thus,  cost-avoidance) 
elements  of  ES  construction. 

Educational  programs  are  relatively  easy  to  design  and  implement. 
Although  there  i$  not  a  likely  role  for  state  and  local  governments 
(Mosena,  1982),  both  the  federal  government  and  trade  associations  have 
a  stake  in  enhanced  adoption  and  have  substantial  experience  with  educa¬ 
tion  programs  to  influence  consumer  decisions.  Targeting  such  programs 
toward  the  home  buying  public  and  toward  the  supply  infrastructure  would 
likely  be  more  productive  than-  a  generalized  nationwide  publicity  cam¬ 
paign.  Such  programs  would  include  providing  sufficient  demonstration 
units  to  allow  hands-on  experience  for  those  perceiving  earth-shelters 
as  dank,  dark,  and  depressing  ("like  caves")  and  disseminating  plans  of 
aesthetically  pleasing  and  livable  ES  houses  and  information  related  to 
the  existing  and  projected  costs  and  resale  opportunities  of  ES  houses. 
Plans  might  be  developed  and  tested  for  ES  homes  of  variable  cost  and 
size  so  that,  in  spite  of  higher  initial  first  costs,  they  might  be 
available  to  a  broader  segment  of  the  home  buying  public.  The  direct 

and  indirect  impacts  of  educational  programs  are  likely  to  be  relatively 
benign.  While  the  direct  impacts  of  education,  taken  alone,  may  not  be 
substantial  in  terms  of  enhancing  adoption,  adoption  is  not  likely  to 
work  without  education.  The  most  significant  indirect  impacts  are 
likely  to  be  twofold:  the  opportunity  costs  of  such  a  program  and  the 
potential  perception  held  by  nonadopters  that  the  allocation  of 
government  funds  for  such  a  program  is  unwise  at  best  and  discriminatory 
at  worst.  In  the  latter  case,  it  would  be  especially  important  to 
demonstrate  that  the  federal  government  has  active  programs  for  pro¬ 
tecting  non-ES  residence  adopters  from  the  ravages  of  natural  hazards. 
Education  programs  could  be  implemented  in  a  relatively  short  time 
period  (3-6  months)  and  have  long  as  well  as  short-term  effects. 
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7.2.2.  Financial  Incentives 

There  was  also  general  agreement  among  our  experts  that,  given  the 
high  costs  of  ES  housing  and  the  depressed  condition  of  the  home 
building  and  buying  industry,  it  is  important  to  provide  financial 
incentives  for  consumers  and  the  supply  infrastructures  to  invest  in  ES 
housing.  Specific  policy  instruments  include  the  provision  of  income 
tax  credits  and/or  deductions  for  consumers,  low  interest  assumable 
loans  for  consumers,  construction  loans,  loan  insurance  programs  and 
purchase  of  ES  mortgages  on  the  secondary  markets. 

Tax  credits  or  deductions  are  the  most  obvious  incentives  and 
already  exist  at  the  federal  level  for  active  solar  and  conservation 
(Energy  Tax  Act  of  1978,  P.L.  95-618)  and  in  some  states  for  diverse 
applications.  This  option  clearly  addresses  a  major  institutional 
barrier,  is  relatively  easy  to  administer  as  a  generic  policy  instru¬ 
ment,  and,  depending  on  its  size,  could  result  in  substantial  adoption 
of  ES  housing.  Tax  credits  or  deductions  have  the  further  advantage  of 
targeting  the  exact  audience  under  consideration,  the  home  buyer,  whose 
aggregate  actions  could  lead  to  increased  demands  for  ES  housing.  It 
might  also  be  expected  that  a  tax  credit  or  deduction  would  lead  to  the 
development  of  a  more  active  infrastructure  that  would  advertise  the 
availability  of  the  tax  credit  or  deduction  and  promote  increased 
demand. 

One  possible  proolem  with  the  use  of  tax  credits  or  deductions  is 
the  determination  of  what  expenditures  should  properly  qualify.  Snould 
they  include  all  of  the  incremental  costs  of  earth  sheltering  or  merely 
the  incremental  costs  of  providing  hazard-mitigating  elements  to  the 
earth-sheltered  residence?  Once  a  general  policy  is  made  with  respect 
to  that  issue,  it  would  be  necessary  to  determine  how  specific  criteria 
should  be  established  and  who  should  establish  them.  For  instance, 
should  there  be  regional  variation  for  the  criteria  (i.e.,  the  federal 
government  would  probably  not  wish  to  induce  the  adoption  of 
tornado-resistant  ES  homes  that  are  potentially  dangerous  in  flood-prone 
areas)?  State  and  local  governments,  however,  might  be  able  to  resolve 
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this  regional  variation  problem  through  more  site-specific  tax  credit  or 
deduction  programs.  What  absolute  maximum  credit  or  deduction  might  be 
allowed  so  as  to  optimize  penetration  and  not,  at  the  same  time,  appear 
to  reward  some  socioeconomic  groups  at  the  expense  of  others? 

An  additional  potential  problem  with  the  use  of  tax  credits  or 
deductions  is  that  it  would  reduce  governmental  revenues  at  a  time  of 
significant  budget  deficits.  This  factor,  alone,  might  make  a  tax 
credit  an  unlikely  or  infeasible  policy  option  at  this  time. 

Loan  programs  have  traditionally  not  worked  as  effectively  as  cre¬ 
dits  or  deductions  in  enhancing  adoption  (R'JPI,  1977},  but  they  may  nold 
a  greater  attraction  for  ES  home  market  penetration  under  current  con¬ 
ditions.  Although  earth-sheltered  buildings  are  specifically  included 
as  a  solar  energy  system  qualifying  for  the  loan  program  set  up  under 
the  Solar  Energy  and  Energy  Conservation  Act  of  1980  (P.L.  96-294), 
current  authorizations  and  appropriations  by  Congress  are  substantially 
below  those  initially  authorized  for  appropriation.  The  Department  of 
Housing  and  Urban  Development,  which  administers  the  Solar  Energy  and 
Energy  Conservation  Bank,  made  $30.4  million  available  in  financial 
assistance  throughout  the  country  for  FY  1983,  compared  with  the  $1,025 
billion  authorized  by  Congress  for  tnis  year  in  1980.  Equally  impor¬ 
tant,  under  the  original  law,  loans  for  solar  energy  systems  applica¬ 
tions,  including  earth-sheltering,  were  to  constitute  a  minority  of 
total  program  expenditures  ( i . e . ,  33  percent  in  FY  1981;  24  percent  in 
FY  1982;  and  22  percent  in  FY  1983).  In  short,  if  a  new  loan  program 
were  to  be  established  for  ES  residences  it  would  likely  require  more 
significant  funding  than  currently  exists,  a  stronger  presence  in  the 
Solar  Energy  and  Energy  Conservation  Bank,  or  both. 

Prior  experience  indicates  that  loans  are  expensive  to  administer 
for  relatively  low-cost  items;  in  the  case  of  more  expensive  purchases 
such  as  ES  homes  the  per  unit  cost  of  the  loan  should  be  less  and  would 
make  the  loan  option  more  attractive.  As  with  tax  credits  or  deduc¬ 
tions,  it  would  still  be  necessary  to  determine  what  proportion  of  the 
costs  would  be  available  for  the  subsidized  loan  and  to  design  a  loan 
program  that  would  be  equitable  in  its  impacts.  In  the  latter  case  it 
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might  be  possible  to  tailor  loans  for  particular  size  and  cost  of  unit, 
including  smaller,  low-cost  homes,  to  avoid  or  minimize  the  equity 
problem. 

Another  financial  incentive  might  be  the  provision  o*  loan  money  to 
the  home  building  and  construction  industries.  This  option  would  be 
targeted  more  tightly,  and  yet  cost  savings  could  be  passed  on  to  the 
eventual  consumer.  Moreover,  it  would  be  possible  to  stipulate  that 
loans  would  be  made  for  a  specified  number  of  homes  of  predetermined 
size  and  cost.  In  short,  construction  loans  could  facilitate  the  deve¬ 
lopment  of  an  important  part  of  the  infr astructure,  could  be  structured 
to  achieve  predetermined  objectives  (e.g  ,  penetrate  particular  segments 
of  the  overall  and  regional  markets),  and  could  be  relatively  easily 
refined  as  the  effectiveness  of  the  option  is  demonstrated  or  as  new 
objectives  emerge.  The  obvious  disadvantage  of  construction  loans  is 
the  appearance  of  pork  barrel  for  a  particular  industry,  even  when  the 
benefits  might  actually  accrue  throughout  society. 

Finally,  f  i  n  a  r  ^ i a i  incentives  might  be  offered  through  government - 
financed  loan  insurance  programs,  like  VA,  FHA,  and  FMHA,  and  secondary 
mortgage  market  programs  such  as  FtWA  and  FH1.MC.  Already,  the  FHA  has 
instructed  field  offices  to  encourage  E5  housing  (Morony,  1982).  Such 
"instructions"  may  be  perceived  as  inforr,  '  and  for  greater  ES  penetra- 
t ion  may  require  the  implementation  of  quantitative  goals,  quotas,  or 
other  incentives.  In  the  secondary  mortgage  market,  FNMA  has  no  policy 
on  ES  structures,  per  se,  but  there  is  a  concern  with  their  appraisal 
and  marketabi  1  ity  in  case  of  foreclosure.  The  federal  d  arter  of  FNMA 
requires  that  all  mortgages  purchased  be  generally  acceptable  on  the 
commercial  mortgage  market  (flurshein,  198?).  FHLMC,  also  a  federally- 
chartered  private  corporation  with  responsibility  to  its  stcckho loers , 
cannot  cnange  ifs  basic  policies  without  explicit  changes  in  its 
charter.  Amendments  to  existing  charters  or  their  interpret  at  ion  for 
secondary  mortgage  market  entitles  may  be  needed  to  allow  preferential 
treatment  to  emerging  technologies  such  as  ear th-she I  tec ing  or  the 
establishment  of  a  specific  secondary  m*rket  ent uy  within  the  Solar 
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Energy  and  Energy  Conservation  Bank  (Reiger,  1381).  One  of  the  chief 
disadvantages  with  changes  in  the  federal  governments '  loan  insurance 
and  secondary  mortgage  market  institutions  is  the  opportunity  cost 
associated  with  such  a  change,  particularly  in  a  tight  loan  market; 
special  programs  for  earth-sheltering  could  draw  money  away  from  other 
needy  areas  such  as  low-income  family  assistance  or  urban  housing 
programs.  Special  programs  favoring  earth-sheltered  home  loans  would 
also  be  difficult  to  implement  for  some  of  the  agencies,  such  FNMA  which 
purchases  Its  mortgages  in  an  auction  process. 

7.3  POLICIES  TO  ENHANCE  A00PTI0N  OF  CR I  SI S-UPGRAOABLE,  EARTH- 
SHELTERED  RESIDENCES 

The  education  and  financial  incentives  policy  options  identified 
for  enhancing  the  adoption  of  hazard-mitigat ing  ES  residences  are  also 
applicable,  with  some  modification,  for  cr isis-upgradaole  ES  residences. 
There  are  some  additional  options,  however,  that  may  be  necessary  to 
respond  to  the  most  important  institutional  issues  or  barriers  for 
crisis-upgradable  ES  residences  as  Identified  in  Sect.  6.3,  esoecially 
those  issues  related  to  the  crisis-upgrading  process  and  the  emergency 
use  of  ES  residences  durinq  times  of  crisis. 

Many  of  the  same  kinds  of  educational  programs  and  policies  iden¬ 
tified  in  Sect.  7.2.1  are  applicable  for  crisis -upgradable  ES 

residences.  As  In  the  case  of  hazard-mitigating  etements  of  ES 
structures,  some  of  our  experts  noted  that  educating  the  public  about 
the  benefits  of  crisis -upgradable  ES  residences  in  the  event  of  a 
man-made  disaster  (e.g.,  nuclear  war)  could  have  a  chilling  effect  on 
the  market  and  reduce  rather  than  enhance  the  adoption  of  such 
structures  (Sterling,  1982;  Roessner,  1982;  Courville,  1982).  Given  the 
nationwide  demand  for  protection  aqatnst  nuclear  war  and  the  geographic 
constraints  on  ES  residences  generally  and  crisis-upgradable  ES 

residences  in  particular  IMorony,  1982),  educating  the  public  about 
crisis-upgradable  ES  residences  could  be  problematic  from  an  equity 


fWPfS mm 


98 


perspective  unless  those  constrained  from  using  the  ES  option  are 
informed  about  equivalent  protective  actions  being  taken  in  their 
regard.  Educating  the  homeowner  about  how  to  share  his  residence  with 
strangers  as  well  as  neighbors  would  be  particularly  difficult. 

Financial  incentives  will  be  particularly  important  for  the 
adoption  of  cris is-upgradable  ES  residences,  because  of  their 
substantial  incremental  cost.  Many  of  the  same  instruments  identified 
as  potentially  useful  for  hazard-mitigating  ES  residences  may  be 
appropriate  here,  with  the  same  caveats.  Equity  concerns  are  again  most 
problematic  and  would  require  substantial  attention  during  the  design  of 
the  policy  option.  For  that  reason,  carefully  designed  and  regulated 
loans  to  the  construction  industry  may  La  the  most  successful  of  the 
financial  incentives  options. 

It  will  also  be  important  to  develop  policy  instruments  to  guaran¬ 
tee  access  to  resources  both  for  the  crisis-upgrading  process  itself  and 
for  the  effective  use  of  cr is is-upgradable  residences  during  the  time  of 
crisis.  Although  it  is  likely  beyond  the  scope  of  the  federal 

government  to  make  such  guarantees,  it  cou.d  play  a  significant  role  in 
assisting  state  and  local  governments  in  their  efforts  to  make  such 
guarantees. 

The  crisis-upgrading  process,  as  currently  character ized,  would 
require  the  implacement  of  some  additional  columns  and  lintels  within 
the  structure  and  the  movement  of  materials  (e.g.,  earth  and  concrete) 
to  protect  areas  exposed  to  potential  blast.  The  procurement  and 
storage  of  columns  and  lintels,  the  storage  and  maintenance  of 
earth-moving  equipment  and  gasoline  for  emergency  use,  and/or  the 
assignment  of  municipal  staff  to  move  earth  manually  during  time  of 
emergency  may  well  be  within  the  emergency  powers  of  state  and  local 
governments.  The  ability  of  local  governments,  however,  to  absorb  such 
planning,  capital,  and  operating  costs  may  not  exist  uniformly.  The 
federal  and  state  governments  might  offer  technical  and  financial 
assistance  to  local  governments  embarking  on  such  ventures. 
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The  provision  of  resources  for  the  effective  use  of 
cr Isis-upgradable  residences  in  the  event  of  [crisis  may  be  even  more 
problematic.  Resources  that  would  be  necessary  minimally  include  food, 
water,  sewage,  and  medical  supplies, 
maintaining  resources  over  potentially  long! 


Procuring,  storing,  and 
periods  of  time  and 


transporting  them  to  ES  residences  at  the  time  of  crisis  is  clearly 


beyond  the  responsibility  of  the  homeowner 


and,  given  substantial 


deployment  of  ES  housing,  could  be  beyond  the  [fiscal  and  institutional 
capabilities  of  local  governments.  Again,  the  federal  government  might 
provide  technical  and  financial  assistance  (e.g.,  in  the  form  of  bulk 
procurement  of  food  and  medical  supplies  passed  on  to  local  governments) 
while  leaving  the  design  and  implementation  of  actual  resource  delivery 
systems  to  local  governments.  j 


7.4  POLICIES  TO  ENHANCF  THE  DEVELOPMENT  OF  EARTH-SHELTERED 

NEIGHBORHOODS  AND  COMMUNITIES 

| 

Education  and  financial  incentives  may  also  be  important  policy 
options  to  encourage  the  development  of  ES  neighborhoods  and 
communities.  It  may  also  be  important  to  alter  jland  use  regulations  and 

ordinances  to  allow  greater  housing  density  than  is  normally  the  case. 

I 

Educational  programs  would  likely  address  the  aesthetics  of 

i 

earth-sheltered  neighborhoods  and  communities  and  would  deal  with  the 
issues  of  urban  form,  neighborhood  and  the  image  of  the  city.  Since 
little  information  on  such  large-scale  development  currently  exists,  it 
would  be  important  to  design,  test,  and  disseminate  plans  for  such 
developments  (Sterling,  1982).  The  development  of  such  a  program  would 
not  be  easy  and  straightforward;  it  would  have  to  valioate  the 
possibility  of  demand  for  such  a  development!  and  characterize  that 
demand  in  terms  of  likely  ownership  pai'.erns,  regional  location,  and 
housing  mix.  Irforking  through  existing  u,?sign  centers  such  as  the 
University  of  Minnesota's  Underground  Space  Center  or  Oklahoma  State 
University's  School  of  Architecture  and  with  existing  infrastructure. 


the  federal  government  might  sponsor  a  demonstration  pro!.'  voe  that 
would  both  educate  and  allow  for  ongoing  institutional  research 
(Lambright,  1982).  This  option  might,  however,  be  identified  with 
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pork  barrel  and  should,  thus,  likely  be  awarded  on  a  competitive  basis. 
It  is  also  possible  that  if  such  a  prototype  is  associated  with  disaster 
protection  and  is  seen  as  benefitting  a  relatively  privileged  segment  of 
society,  charges  of  inequity  might  be  made. 

Financial  incentives  are  also  important  for  the  development  of  ES 
neighborhoods  and  communities,  but  in  different  ways  than  for  the  other 
two  programatic  goals.  The  risk  in  this  case  is  much  greater  for  the 
builder/developer  and  potentially  somewhat  less  for  the  individual 
homebuyer,.  The  cost  of  an  individual  unit  could  be  somewhat  less  in  a 
neighborhood  or  community  development  project  for  reasons  of  economies 
of  scale  and,  potentially,  less  land  area  per  unit  (assuming  the 
permission  of  greater  housing  density).  For  builders  and  developers 
(and  the  financial  community),  the  costs  and  risks  are  greater  absent  a 
guaranteed  demand  for  the  units.  For  this  reason  it  may  be  particularly 
important  to  target  loan  money  toward  those  inst  tut  ions  involved  in 
Construction  of  the  ES  development.  Given  the  higher  cost  of  ES 
housing,  it  may  still  be  important  to  make  mortgage  money  available  at 
attractive  rates  to  individual  consumers  through  government  -  subsidized 
and  guaranteed  loans. 

One  of  the  premises  of  an  ES  neighborhood  or  community  may  be  the 
ability  of  the  builder  and  developer  to  site  a  greater  number  of  units 
per  acre  than  is  allowed  by  existing  regulation.  Revision  of  this 
regulation  by  local  governments  may  be  justified  on  the  grounds  of  the 
greater  land  use  efficiency  of  earth-sheltering.  While  wholesale 
revisions  of  land  use  regulations  are  no.  easy  to  obtain  and  may,  in 
fact,  be  perceived  as  a  threat  by  many  vested  interests  in  a  locale, 
applications  for  earth-sheltered  planned  unit  developments  (PUD's)  may 
be  acceptable  in  many  areas  if  they  are  professionally  developed  and  are 
sensitive  to  local  inputs. 

7.5  SUMMARY 

The  foregoing  discussion  has  identified  and  briefly  evaluated  a 
number  of  options  to  encourage  the  adoption  of  hazard-mitigating  and 
crisis-upgradable  ES  residences  and  the  development  of  ES  neighborhoods 
or  communities.  This  evaluation,  based  on  a  consideration  of  several 
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generic  criteria  (i.e.,  institutional  issue  addressed,  ability  to 
enhance  adoption,  feasibility  of  implementation,  and  policy  impacts)  and 
the  results  of  a  survey  of  a  panel  of  experts,  indicates  that  education 
and  financial  incentives  are  the  policy  options  most  likely  to  lead  to 
increased  adoption  of  ES  residences.  It  has  been  suggested  that  the 
design  of  particular  policy  instruments  should  be  guided  by  cognizant 
institutions  and  that  special  attention  should  be  paid  to  equity 
considerations,  particularly  with  respect  to  pottential  disaste 
protection.  The  policy  options  outlined  in  this  section  require 
additional  specification  and  analysis  so  that  their  feasibility  and 
effectiveness  can  be  better  anticipated.  The  next  section  addresses 
what  kinds  of  public  and  private  sector  groups  would  likely  be  involved 
in  implementing  these  various  options. 
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8.  MAJOR  ACTORS  IN  POLICY  IMPLEMENTATION 

In  order  to  ensure  effective  implementation  of  public  policies  to 
encourage  earth-sheltering,  it  is  imortant  for  any  agency  or 
organization  taking  the  lead  role  in  this  endeavor  to  identify  all  the 
major  actors  to  be  involved  and  to  achieve  willing  and  active 
participation  by  these  parties.  The  identification  of  major  actors  and 
their  involvement  in  the  implementation  process  should  be  initiated  as 
early  as  possible,  preferably  during  the  policy  development  stage  when 
general  parties  at  interest  become  apparent  but  before  specific  policy 
measures  have  been  chosen.  It  is  expected  that  all  levels  of  government 
as  well  as  the  private  sector  can  make  significant  contributions  to  the 
policy  design  and  implementation  processes,  but  special  attention  is 
given  to  the  federal  role  because  of  the  broad  range  of  powers  available 
at  this  level.  Assuming  the  federal  government  chooses  to  play  a  lead 
role  as  policy  initiator,  the  cooperation  of  other  major  actors  can  be 
ensured  by  convincing  them  that  the  encouragement  of  increased  use  of 
earth-sheltered  residences  will  be  mutually  advantageous,  by  providing 
incentives  such  as  subsidies  to  make  their  part icipation  more 
attractive,  by  promulgating  rules  and  regulations  to  mandate  their 
involvement,  or  by  some  combination  of  these.  In  the  remainder  of  this 
section,  the  potential  role  of  each  major  actor  in  implementing  the  most 
promising  policy  options  identified  in  Chapter  4  (e.g.,  education  and 
financial  incentives)  will  be  discussed. 

8.1  FEDERAL  ROLE 

The  role  of  the  federal  government  in  stimulating  the  adoption  and 
use  of  earth-sheltered  residences  is  potentially  very  important.  In 
terms  of  subject  matter,  federal  interest  in  the  areas  of  housing, 
energy,  and  public  safety  are  well  established.  In  terms  of  power  to 
act,  the  federal  establishment  has  the  authority  and  the  means  (though 
the  latter  are  becoming  increasingly  strained)  to  directly  provide 
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educational  services  and  financial  assistance  to  prospective  earth- 
sheltered  consumers  and  suppliers.  Federal  agencies  also  have  a  great 
deal  of  leverage  to  influence  the  actions  taken  by  state  and  local 
governments  as  well  as  by  the  private  sector.  This  ability  to  guide  the 
activities  of  others  is  particularly  important  in  light  of  admonitions 
in  the  earth-sheltered  literature  to  utilize  existing  networks  and 
institutions,  where  possible,  that  are  appropriate  to  the  different 
stages  of  the  adoption  process.  Finally  the  federal  government  is  in  a 
strong  position  to  monitor  the  societal  implications  of  various  policies 
and  see  that  inequitable  outcomes  are  avoided. 

In  the  field  of  education,  federal  agencies  can  build  demonstration 
units,  both  on  an  individual  and  possibly  a  block  or  small  subdivision 
scale,  to  help  familiarize  the  home-buying  public  and  the  building 
industry  with  this  technology.  The  federal  government  can  also  fund  the 
development  and  testing  of  plans  for  such  buildings  and  communities  and 
disseminate  this  information,  directly  or  through  existing  private 
sector  networks  of  marketing,  trade,  and  professional  associations. 
Assistance  to  developers,  lenders,  and  other  important  segments  of  the 
"supply-side"  infrastructure  can  also  be  proffered.  A  national  earth- 
sheltered  loan/data  bank  can  be  established,  or  financial  and  technical 
assistance  provided  to  establish  a  number  of  such  entities  at  the  state 
or  regional  level.  To  enhance  the  potential  of  earth-sheltered 
structures  for  use  in  time  of  crisis,  aid  can  be  given  to  local 
governments  to  allow  these  units  of  government  c r>  assist  earth-sheltered 
occupants  with  crisis-upgrading  and  shelter  usage,  if  needed. 

Turning  to  financial  incentives,  the  federal  establishment  is  once 
more  we  1 1 -equipped  to  act.  The  federal  level  is  the  most  appropriate 
for  the  provision  of  income  tax  credits  and  deductions,  although  massive 
deficits  make  this  option  less  feasible  at  this  time  than  may  have  been 
the  case  in  previous  years.  Loan  assistance  to  potential  consumers  can 
be  provided  through  a  well-funded  Solar  Energy  and  Energy  Conservat ionn 
8ank  or  similar  institution  but,  once  more,  budgetary  constraints  may 
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inhibit  the  immediate  use  of  this  option.  Construction  and  development 
loans,  very  important  both  for  individual  residences  and  larger  scale 
developments,  could  also  be  backed  by  the  federal  government  although, 
again,  better  fiscal  conditions  are  probably  a  necessary  pre-condition. 
Private  sector  financing  can  be  stimulated  through  a  concerted  federal 
effort  to  tailor  the  policies  of  federal  loan  insurance  programs  and 
secondary  mortgage  market  entities  to  favor  loans  on  earth-sheltered 
residences.  To  help  adopters  of  crisis-upgradable  residences  use  their 
unit  optimally  in  the  event  of  crisis,  federal  agencies  could  offer 
financial  assistance  to  local  governments  that  would  then  provide  the 
necessary  support,  such  as  the  provision  of  earth-movers. 

8.2  STATE  ROLE 

Much  fewer  resources,  both  financial  and  technical,  are  available 
at  this  level  for  the  implementation  of  policies  aimed  at  increasing  the 
use  of  earth-sheltered  structures.  The  states  do  generally  have  a  good 
understanding,  though,  of  housing  needs  and  building  conditions  within 
the  state. 

i 

One  promising  state  educational  action  would  be  to  establish  a 
state  loan/data  bank  at  the  statewide  or  sub-state  level  to  inform 
potential  buyers^  builders,  and  lenders  concerning  the  soundness  of  an 
earth-sheltered  investment.  Other  possibilities  include  the  development 
of  plans  for  earth-sheltered  houses,  the  actual  construction  of 
demonstration  units,  and  the  provis  on  of  technical  assistance  to  local 
governments  on  cri sis-upgrading  and  shelter  use,  but  these  may  require 
resources  that  are  currently  beyond  the  means  of  many  state 
governments. 

In  the  area  of  financial  assistance,  those  states  with  a  personal 
income  tax  can  provide  credits  for  purchasers  of  earth-sheltered 
residences,  but  the  fiscal  drawbacks  cited  earlier  for  the  federal 
government  would  be  at  least  as  germane  here.  A  more  likely  state 
activity  is  to  disseminate  federal  money  provided  by  the  Solar  Energy 
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and  Energy  Conservation  8ank  as  currently  structured,  but  the  amounts 
available  are  currently  too  small  to  have  a  wide-spread  effect.  A  final 
state  role  may  be  to  use  the  familiarity  with  its  own  territory  to  help 
the  federal  government  determine  where  to  target  federal  assistance 
programs. 

8.3  LOCAL  GOVERNMENT  ROLE 

Local  government  agents  traditionally  deal  with  builders  and 
developers  directly  in  such  matters  as  the  issuance  of  building  permits 
and  the  review  of  conformity  with  various  land  use  regulations.  Because 
of  this  ongoing  contact,  local  officials  have  a  good  understanding  of 
the  needs  of  local  developers  and  a  unique  opportunity  to  informally 
educate  the  building  industry  concerning  the  advantages  of 
earth-sheltering  and  how  one  can  go  about  entering  the  field.  Local 
governments  may  also  have  the  opportunity  to  encourage  the  shared  use  of 
earth-sheltered  houses  during  crises  through  more  focused  local 
education  programs. 

The  ability  to  provide  direct  financial  assistance  is  extremely 
limited  among  local  governments,  but  these  units  can  channel  federal 
resources  that  will  allow  crisis-upgrading  and  crisis-use  by  the 
occupants  of  earth-sheltered  structures.  As  with  the  state,  local 
governments  can  also  use  their  unique  knowledge  of  their  own 
jurisdictions  to  help  the  federal  government  determine  where,  and  at 
what  level  of  funding,  other  financial  assistance  programs  are  needed. 

8.4  PRIVATE  SECTOR  ROLE 

Like  the  federal  government,  the  private  sector  is  expected  to  play 
an  extremely  significant  role  in  stimulating  the  adoption  and  use  of 
earth-sheltered  structures.  Major  actors  of  importance  in  this  sector 
include  builders  and  developers,  architects  and  designers,  building 
suppliers,  financial  institutions,  ,-eal  estate  firms  and  appraisers,  and 
trade  and  professional  associations.  The  importance  of  these  players. 
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who  together  compose  the  building  supply-side  infrastructure,  stems  from 
their  crucial  role  in  providing  those  structures  demanded  by  the  public. 
In  order  to  change  the  type  of  building  which  these  actors  design, 
finance,  and  erect,  new  ways  of  doing  business  will  have  to  be 
communicated  to  this  complex  network.  This  can  be  accomplished  by 
government  policies  and  programs  which  attempt  to  have  an  impact  on 
crucial  behaviors,  as  discussed  above,  as  well  as  by  the  efforts  of  key 
actors  changing  things  from  within,  which  is  the  focus  of  this  section. 
In  the  area  of  education,  the  private  sector  shares  a  dominant  role  with 
the  federal  government.  Earlier,  it  was  suggested  that  the  private 
sector  can  use  its  internal  communication  networks  to  disseminate 
information  produced  at  the  federal  level.  In  addition,  the  major 
private  sector  trade  and  professional  associations  can  develop  their  own 
materials  on  earth-sheltered  specifications,  advantages,  and  "how-tos" 
targeted  at  their  own  peers  as  well  as  the  home-buying  public.  The 
ongoing  educational  efforts  of  these  groups  -  like  conferences, 
workshop,  publications,  and  building  shows  -  are  ideally  suited  for  the 
distribution  of  such  informational  materials  to  the  appropriate 
audiences.  Demonstration  units  could  also  be  provided  as  a  "hands-on" 
educational  aid. 

The  primary  private  sector  actors  in  the  provision  of  financial 
incentives  are  expected  to  be  lending  institutions  and  private  mortgage 
insurors  and  secondary  mortgage  buyers.  Lending  institutions  are 
capable,  if  properly  motivated,  of  making  large  amounts  of  money 
available  for  earth-sheltered  loans  to  builders  and  home-buyers,  either 
by  developing  new  formulas  to  determine  borrower  eligibility  that  take 
energy  costs  into  account  or  by  simply  establishing  preferential 
approval  policies  for  this  type  of  loan.  In  order  for  this  to  occur, 
however,  lenders  will  have  to  be  strongly  convinced  of  the  prof itabi lity 
of  these  transactions,  possibly  through  the  provision  of  government 
subsidies.  As  for  private  mortgage  purchasers  and  loan  insurors,  their 
endorsement  of  earth-she 1 tered  residences  would  be  helpful  but  pursuing 
this  is  not  likely  to  be  as  fruitful  as  focusing  on  large  government 
loan  insurors  like  FHA  or  federally  chartered,  secondary  mortgage  market 
entities  like  FNMA. 
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From  the  foregoing  discussion,  the  important  role  of  both  the 
federal  government  and  the  private  sector  in  stimulating  the  adoption 
and  use  of  earth-sheltered  residences  becomes  apparent.  Further 
narrowing  and  refinement  by  interested  agencies  of  the  policy  options 
discussed  here  and  an  in-depth  examination  of  similar  efforts  is 
required  to  allow  final  identification  of  the  specific  actors  needed  and 
their  individual  roles.  The  last  section  will  summarize  the  most 
important  issues  and  options  presented  in  this  report  and  will  briefly 
discuss  those  steps  that  can  be  taken  by  government  entities  interested 
in  policy  selection  and  implementation. 
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9.  CONCLUSIONS  AND  RECOMMENDATIONS 
9.1  TECHNICAL  CONSIDERATIONS 

Earth-shel tered  housing,  which  has  become  popular  in  recent  years 
for  energy  conservation,  offers  the  potential  for  the  production  of  a 
great  deal  of  fallout  shelter  space.  During  prosperous  years,  the 
housing  industry  may  construct  as  many  as  two  million  units.  If  these 
were  earth-sheltered  structures  of  average  size,  at  the  present  standard 
of  10  square  feet  per  space,  each  unit  could  provide  on  the  order  of  100 
fallout  shelter  spaces.  In  theory,  at  least,  space  for  the  entire 
population  of  the  United  States  could  be  constructed  each  year.  Even  a 
small  fraction  of  this  potential,  realized  year  after  year  for  several 
years,  could  make  a  very  significant  addition  to  the  nation's  inventory 
of  fallout  protection. 

Earth-sheltered  structures  with  earth-covered  roofs  give  fallout 
protection  greatly  superior  to  conventional  frame  dwellings  and  superior 
to  the  basements  of  frame  dwellings.  Witn  re’atively  inexpensive 
modfications  and  careful  attention  to  the  design,  earth-sheltered 
residences  can  provide  very  high-grade  fallout  protection  over  much  of 
their  floor  area.  With  design  modifications,  they  provide  very  high 
protection  from  a  very  wide  variety  of  natural  disasters. 

For  some  additional  expense,  an  earth-sheltered  residence  can  be 
modified  at  no  loss  of  floor  area  or  function  to  be  upgradable  in  a  few 
days  to  resist  one  to  two  atmospheres  of  blast  overpressure.  Carrying 
out  this  operation  in  a  crisis  involves  the  movement  of  many  tons  of 
earth,  but  much  less  than  for  conventional  structures.  Either 
excavation  equipment  or  a  large  labor  force  would  be  required. 

Many  examples  of  very  attractive  earth-sheltered  residences  exist. 
It  has  been  amply  demonstrated  that  they  can  be  designed  and  constructed 
to  have  very  pleasing  interior  environments  and  exterior  appearance. 

Given  general  acceptance  of  the  concept,  not  now  established,  the 
largest  problem  preventing  widespread  adoption  of  earth-sheltered 
housing  is  that  it  costs  from  20-40%  more  than  comparable  aboveground, 
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conventional  frame  housing.  This  cost  can  bo  partially  offset  by  the 
energy  savings  inherent  in  good  earth-sheltered  housing  design. 
Properly  designed,  such  homes  can  save  20-603*  of  the  energy  used  even  by 
well-designed  frame  houses.  The  energy  costs  make  the  life-cycle  cost  of 
earth-sheltered  residences  more  nearly  competitive  with  conventional 
frame  construction.  The  life-cycle  cost  of  a  home  is  forcefully 
apparent  to  the  owner  in  his  combined  monthly  mortgage  payment  and 
ut i 1 i ty  bills. 

Housing  developments  of  earth-sheltered,  single-family  residences 
offer  the  potential  of  reduced  lot  sizes  and,  hence,  reduced  land  costs 
over  what  would  be  required  for  aboveground  construction.  In  high-cos*' 
suburban  areas,  the  saving  in  land  cost  may  amount  to  a  significant 
fraction  of  the  total  cost  of  the  home. 

Recent  very  high  mortgage  rates  (14-16%)  have  amplified  the  effect 
of  the  cost  disadvantage  of  earth-sheltered  housing  on  the  relative 
monthly  costs.  A  decline  of  mortgage  rates  to  more  traditional  levels 
would  ameliorate  th’s  disadvantage. 

Modern  technologies  of  concrete  construction,  particularly  the  use 
of  reusable,  modular,  metal  concrete  forms  and  portable  scaffolding,  can 
further  erode  the  cost  disadvantage  of  earth-sheltered  structures.  The 
materials  cost  of  a  concrete  structure  is  not  markedly  different  from 
that  of  a  frame  structure.  Much  of  the  extra  cost  is  the-  labor  and 
materials  in  the  single-use,  custom  wood  forming,  which  is  comparable  tc 
the  labor  and  materials  required  for  frame  construction. 

9.2  INSTITUTIONAL  CONSIDERATIONS 

The  identification  of  policy  options  to  realize  the  hazard- 
mitigation  potential  of  earth-sheltered  structures  has  relied  on  the 
conjunction  of  diverse  literatures,  including  diffusion  of  innovation, 
policy  implementation,  eartn-shelter  ing  and  impact  assessment.  It  has 
further  depended  on  an  identification  and  evaluation  of  institutional 
issues  of  barriers  viewed  by  a  panel  of  experts  as  most  problematic  to 
the  adoption  and  use  cf  earth-sheltered  structures.  Following  a  summary 


of  these  issues  and  those  policy  options  appearing  to  offer  the  most 
promise  for  the  rapid  diffusion  of  earth-sheltered  structures,  a  brief 
outline  of  a  potential  implementation  analysis  process  is  offered. 

9.2.1  Most  Important  Institutional  Issues 


In  Chapter  6  a  number  of  important  issues  were  identified  in  con¬ 
junction  with  the  adoption  and  use  of  hazard-mitigating  earth-sheltered 
structures  and  crisis-upgradable  earth-shelters,  and  the  development  of 


entire  earth-sheltered  neighborhoods  or  communities.  Those  issues  with 
the  greatest  likelihood  of  having  a  substantial  effect  on  adoption  and 
use  at  this  time  and  requiring  a  timely  response  to  stimulate 
utilization  were  classified  ,'S  “most  important."  Other  Issues,  while 
significant  for  adoption  and  use,  are  expected  to  have  less  of  an 
immediate  effect  and  require  less  intervention  and  were  labelled 
"moderately  important."  Our  pr ior 1 t i zat ion  of  issues  reflects  this 
study's  primary  focus  on  those  issues  influencing  the  adoption  and  use 
of  earth-sheltered  structures  as  opposed  to  those  societal  issues 
resulting  from  such  adoption. 

From  this  perspective,  the  most  important  Issues  associated  with 
hazard-mitigating  earth-shel ters  fall  Into  two  categories,  issues 
related  to  the  desire  to  use  those  structures  and  Issues  related  to  the 
ability  to  purchase  them.  In  the  first  category,  the  issues  of 
livability,  aesthetics,  and  soundness  of  investment  are  most  crucial;  in 
the  second,  the  critical  issues  are  the  availability  of  suitable  trained 
and  equipped  contractors  and  the  availability  of  mortgage  money  at 
attractive  rates.  Moderately  important  issues  are  much  more  numerous, 
numbering  eighteen  in  all  from  four  of  our  five  major  categories  ($»e 
Table  3.2),  and  include  the  issues  of  conformity  to  a  socially  accepted 
imige,  innovation  in  the  construction  .idustry,  financing  of  con¬ 
struction  loans,  access  to  (and  egress  from)  the  structure,  and  societal 
impacts  arising  from  policy  initiatives  taken  to  stimulate  earth- 
she leering. 
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The  most  important  issues  associated  with  crisis-upgradable 
earth-sheltered  structures,  in  addition  to  those  identified  above  and 
(which  also  apply  here),  fall  into  three  basic  categories.  Vital  issues 
related  to  the  desire  to  use  this  type  of  structure  relate  to  safety  and 
the  response  to  preparations  for  nuclear  war.  The  availability  of 

mortgage  money  is  the  one  critical  issue  from  among  those  related  to  the 
ability  to  purchase.  Under  issues  related  to  the  use  of  these 
structures,  the  need  for  access  to  specialized  equipment  (or  large 

numbers  of  people)  to  allow  crisis  use  is  singled  out,  as  is  the  issue 

of  emergency  use.  There  are  also  two  moderately  important  issues  both 
related  to  the  community -wide  effects  of  using  crls is-upgradable 
earth-sheltered  structures. 

Turning  to  those  Issue;,  associated  with  the  development  of 

earth-sheltered  neighborhoods  or  communities,  a  total  of  nine  are 
identified  as  most  important.  Under  issues  related  tu  the  desire  to  use 
earth-sheltered  structures,  neighborhood  aesthetics  is  extremely 
significant.  The  availability  of  mortgage  money  and  the  ability  of 
earth-she Itered  neighborhoods  and  communities  to  reduce  costs  are  both 
critical  issues  related  to  the  purchase  of  earth-shelters.  The  most 
Important  issues  related  to  construction  are  two,  the  financing  of 
construction  loans  and  the  difficulty  in  building  an  entire  neighborhood 
or  community  as  planned.  Finally,  there  are  four  vital  issues  related 
to  the  community-wide  effects  of  the  adoption  of  earth-sheltered 

structures;  these  are  the  issues  of  housing  density,  urban  form,  neigh¬ 
borhood  concept,  and  cnanges  in  the  image  of  the  city.  Moderately 
important  issues  are  those  of  land  use  regulations  and  the  limited 

experience  of  planners  and  regulators,  both  related  to  the  construction 
of  earth-she  Itered  buildings. 

It  should  be  noted  again  that,  the  preceding  pr iori  t i zat  ion  of 

issues  reflects  a  strong  Interest  in  those  factors  that  can  influence 

adoption  and  use.  From  a  societal  perspect  i  ve,  however,  issues  stemming 
from  the  widespread  adoption  of  earth-she  I  tered  structures  and  from 
those  policy  initiatives  taken  to  encourage  it  may  be  substant i a  1 ly  more 
important  than  indicated  here. 
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from  the  comprehensive  list  of  policy  options  considered  initially 
(see  Table  4.2),  a  number  of  specific  policy  options  have  been 
identified  as  offering  the  most  promise  for  addressing  the  goals  of  an 
earth-sheltered  structure  adoption  program.  This  selection  was  based  on 
an  evaluation  by  a  panel  of  experts  and  on  the  option's  ability  to  score 
favorably  on  a  number  of  evaluative  criteria. 

Education  and  financial  incentives  appear  to  be  the  most  promising 
policy  options  for  each  of  the  component  goals.  Educational  programs 
may  need  to  be  targeted  to  potential  adopters  (i.e.,  home  buyers)  and  to 
critical  elements  in  the  infrastructure  (e.g.,  the  financial  community, 
builders  and  developers,  appraisers,  and  real  estate  firms).  The 
substance  of  the  educational  programs  may  vary  somewhat,  depending  on 
which  goal  is  being  addressed,  but  contnon  elements  might  include 
verification  of  the  livability  and  aesthetics  of  hazard-mitigating, 
earth-sheltered  structures  and  information  regarding  financial 
considerations,  including  the  existing  availability  of  loan  money  and 
resale  opportunities.  Such  a  program  might  include  the  development, 
validation  and  dissemination  of  housing  plans,  the  dissemination  of 
financial  information,  and  actual  demonstrations  of  such  facilities  for 
those  potential  adopters  requiring  personal  experience  with  earth- 
sheltered  structures. 

Among  the  financial  incentives  considered,  tax  credits  or 
deductions,  low-interest,  assumable  loans,  and  construction  loans  are 
considered  to  be  the  most  viable  options.  Among  these,  construction 
loans  might  be  favored  in  terms  of  ease  of  admfnistrat  ion.  It  will  be 
important  to  ensure  that,  whatever  financial  incentives  are  selected, 
these  policies  do  not  inequitably  impact  different  population  segments. 
This  is  particularly  the  case  when  the  program  deals  with  the  provision 
of  protection  from  potential  natural  or  man-made  hazards  or  crises. 

For  crisis-upgradable  structures  it  may  also  be  important  to  assist 
in  the  provision  of  resources  for  upgrading  (e.g.,  materials,  equipment, 
labor)  and  for  the  use  of  such  streutures  in  the  event  of  crisis  (e.g., 
food,  water,  and  medical  supplies).  While  local  governments  might 
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assume  the  lead  responsibi 1 ity  for  planning  and  implementing  the 
provision  of  such  resources,  the  federal  and  state  governments  might 
assist  through  bulk  procurement  policies. 

Finally,  in  addition  to  education  and  financial  incentives  for  the 
development  of  earth-sheltered  neighborhoods  and  communities,  it  may  be 
useful  for  local  governments  to  revise  existing  land  use  regulations  to 
allow  greater  housing  density.  Th i s  would  allow  reductions  in  unit  cost 
and  an  enhanced  ability  to  develop  integrated  community  or  neighborhood 
housing  plans. 

9.3  FUTURE  RESEARCH  NEEDS 

9.3.1  Technical  Requirements 

9. 3. 1.1  Hazard  Mitigating  Design  Development 

This  study  has  explored  only  one  design  of  a  hazard-mit igating 
earth-sheltered  residence.  Othef*  designs  and  floor  plans  should  be 
developed.  In  particular,  an  earth-sheltered  structure  of  the  atrium 
type  should  be  studied  for  crisis-upqrading  potential. 

The  all-important  factor  of  cost  reduction  needs  further  work. 
Oesigns  tailored  for  the  use  of  reusable  modular  forms  should  be 
developed. 

9.3. 1.2  Field  Test  of  Hazard-Mit igat ing  Features 

Cris is-upgradable  designs  should  be  field-tested  in  DNA-sponsored 
blast  tests.  In  particular,  means  to  protect  the  exposed  wall  in 
elevational  designs  must  be  tested.  Other  areas  of  uncertainty  are 
egress  closures,  especially  in  the  skylites,  and  ventilation  intakes. 

9. 3. 1.3  Cooperative  Test  Building 

Practical  experience  with  actual  construction  of  hazard-mit igat ing 
designs  must  be  acquired.  Real-world  problems  with  cost,  and  getting  a 
contractor  to  produce  a  satisfactory  structure  with  some  unconventional 
features  at  an  acceptable  price  must  be  experienced.  The  experience 
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might  be  acquired  at  lowest  cost  to  the  government  through  cooperative 
agreement  with  a  prospective  home  owner  who  wants  a  hazard-mitigating  or 
crisis-upgradable  earth-sheltered  residence.  An  agreement  might  be 
sought  where  in  exchange  for  plans  and  advice,  the  owner  would  permit 
photo-documentation  of  construction  and  share  cost  information. 
Ideally,  this  activity  should  be  continuing  and  iterative,  with  problems 
encountered  in  one  design  addressed  in  the  next. 

9 . 3 . 1 . 4  Earth-Sheltered  Housing  Development 

There  is  an  almost  total  lack  of  experience  with  earth-sheltered 
communities  or  housing  developments  in  the  United  States.  It  would  be 
very  desirable  to  find  out  if  the  cost  savings  posited  for  earth- 
sheltered  communities  through  serial  production  and  higher  housing 
density  can  be  achieved. 

9.3.2  Policy  Implementation  Analysis 

It  seems  clear  that  definite  opportunities  exist  to  enhance  the 
adoption  and  use  of  hazard-mitigating,  earth-sheltered  housing.  Prior 
to  the  formal  enunciation  and  implementation  of  such  policies,  however, 
it  is  important  to  analyse  potential  policy  options  in  considerably 
greater  detail  than  was  allowed  in  this  effort.  Such  an  analysis  would 
permit  a  careful  structuring  of  the  implementation  process  and  increase 
the  probability  of  favorable  and  intended  program  impacts.  An  imple¬ 
mentation  analysis  would  address  and  resolve  a  number  of  concerns,  each 
of  which  is  dealt  with  briefly  below. 

9.3.2. 1  Selection  of  Policy  Options 

The  ultimate  selection  of  policy  options  should  be  guided  by  the 
following  considerations: 

Final  specification  and  clarificacion  of  program  goals.  Successful 
implementation  depends  substant ial ly  on  the  particular  goals  and 
objectives  that  are  meant  to  be  achieved.  What  are  the  relative 
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priorities  of  an  earth-shelter  adoption  program--to  saving  energy, 
conserving  land,  or  mitigating  the  impacts  of  potential  disasters? 

Identification  of  target  audience.  What  is  the  target  audience  and 
where  do  they  reside?  Regional  deployment  objectives  and  their  scale 
would  be  critical  to  the  final  design  of  educational  or  financial 
incentive  policy  options.  These  objectives  are  clearly  policy  questions 
(i.e.,  beyond  the  scope  of  objective  analysis)  that  must  be  factored  in 
the  formulation  of  )0licy  options. 

Cost  benefit  .nalysis  of  potential  options.  The  options  presented 
in  this  analysis  could  be  implemented  at  varying  costs,  depending  on  the 
scale  of  the  objective  to  be  achieved.  A  detailed  cost  analysis  of  the 
options,  accompanied  by  projections  of  potential  market  penetratio'n . 
would  facilitate  the  final  design  of  policy  options. 

Policy  impact  mitigation  analysis.  If  cost-effective  policies 
result  in  the  introduction  of  significant  unintended  adverse  effects,  it 
may  be  possible  to  design  cost-effective  ways  to  mitigate  these 
effects. 

Consider  other  options.  Other  non-earth-sheltered  and/or 
non-residential  earth-sheltered  policy  options  may  address  and  achieve 
policy  objectives  more  effectively,  efficiently  and  expeditiously. 
Roessner  (1982),  Morony  (1982),  Mosena  (1982),  Sterling  (1982),  and  Labs 
(1982)  all  had  some  questions  regarding  the  goals  of  a  hazard-or  crisis- 
mitigating,  residential,  earth-shelter  structure  adoption  program, 
particularly  with  respect  to  its  ability  to  yield  significant  protection 
in  a  cost  or  socially  productive  fashion.  Some  felt  that 
earth-sheltered  commercial  or  institutional  buildings  would  offer 
greater  protection  more  easily  than  residential  applications;  others 
favored  relocation  over  sheltering  as  a  general,  crisis-mitigating 
strategy.  In  short,  the  effectiveness  of  an  earth-sheltered  residential 
option  needs  to  be  compared  with  other  options,  including  a  mix  of 
residential  with  commercial  and  institutional. 
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Selection  of  specific  programs.  Whatever  policies  are  ultimately 
selected,  specific  programs  will  need  to  be  designed  so  that  a 
structured  implementation  can  occur.  These  programs  would  likely  have 
multiple  components,  each  achieving  some  part  of  the  overall  policy 
objective. 

9. 3. 2. 2  Refinement  of  Chosen  Policies 

Once  a  preferred  policy  or  set  of  policies  is  chosen  and  a 
preliminary  identif ication  of  specific  programs  to  allow  implementation 
is  made,  a  process  of  refinement  is  likely  to  be  required.  Based  on 
past  experiences  with  the  implementation  of  similar  policies,  a  thorough 
examination  of  the  institutional  realities  involved,  and  a  good  measure 
of  creative  thinking,  detailed  programs  appropriate  to  the  case  at  hand 
should  be  designed.  In  order  to  maximize  the  feasibility  of  the 
measures  that  are  ultimately  designed,  this  design  process  should  be 
carried  out  by  the  lead  agency  in  close  consultation  with  those  actors 
identified  as  most  likely  to  be  involved  in  implementation. 

9. 3. 2. 3  Final  Identification  of  Major  Actors 

Once  policies  and  detailed  programs  to  encourage  the  adoption  and 
use  of  earth-sheltered  structures  are  developed,  a  final  identification 
can  be  made  of  those  actors  best  equipped  to  manage  different  aspects  of 
implementation.  A  preliminary  listing  of  potential  actors  would  be  made 
much  earlier,  but  at  this  later  time  sufficient  program  details  should 
be  available  to  allow  a  final  choice  of  all  major  participants.  As  with 
the  previous  tasks,  this  task  should  be  completed  through  an  examination 
of  past  experience  with  similar  situations  and  an  analysis  of  the 
current  institutional  and  organization  milieu. 

9 . 3 . 2 . 4  Identification  of  Necessary  Resources  for  Implementation 

With  a  detailed  understanding  of  the  specific  policies  and  programs 
to  be  implemented  and  the  cast  of  actors  responsible,  the  lead  agency 
can  identify  those  resources  that  will  be  required  to  accomplish  the 
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desired  goals.  Necessary  commitments  of  staff,  time,  money,  and 
materials  must  all  be  known,  to  the  extent  possible,  in  order  to  assure 
that  the  desired  policy  measures  can  be  carried  out  as  planned. 

Performance  of  the  implementation  analysis  described  above  could  be 
expected  to  greatly  enhance  chances  for  successful  implementation  of 
policies  intended  to  increase  the  adoption  and  use  of  earth-sheltered 
structures.  Although  the  various  stages  of  the  proposed  analysis  are 
presented  sequentially,  it  is  expected  that  it  will  actually  be  carried 
out  in  an  iterative  fashion,  with  the  information  received  from  each 
step  used  to  update  the  findings  from  others  and  to  allow  mid-course 
corrections  as  the  likely  effects  of  various  policy  decisions  become 
apparent.  With  an  effective  analysis  leading  to  well-planned  and 
carefully  implemented  policies  and  programs,  a  substantial  step  will 
have  been  taken  toward  increasing  the  rate  of  adoption  and  use  of 
earth-sheltered  structures  in  a  manner  that  would  maximize  the  benefits 
of  this  technology  and  minimize  any  adverse  consecuences. 
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Advantages,"  Underground  Space,  January/February  1981. 

Sterling,  R.  R.  Aiken,  and  J.  Carmody,  Earth-Sheltered  Housing:  Code, 
Zoning,  and  Financing  Issues,  Prepared  by  the  University  of  Minnesota 
Underground  Space  Center  for  the  U.  S.  Department  of  Housing  and  Urban 
Development,  April,  1980. 

Sterling,  Raymond  L.,  Personal  Communication,  December  16,  1982. 
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I.  BOORS 

A.  Construction  Practice 
1.  Innovative  Techniques 


Sells,?!.,  Gentle  Architecture.  [  198  1.]  HcGraw  Hill 

KEYWORDS:  Autobiography;  Philosophy;  Design  Practice; 
Construction  Practice. 

2.  Site  Development 


Allen, E. ,  How  Buildings  Work,  the  Satural  Order  of 
Architecture.  [  1980..]  Oxford  Oniv.  Press. 

KEIWOBDS:  landscaping;  Site  Developaent. 

Jurnicks  ,A . R,  Thermal  Soil  Mechanics  [  1966.]  Rutgers 

University  Press 

KEYWORDS:  Expansive  Clay;  Heat  Transfer 

lynch, K. ,  Site  Planning.  [  1971.]  8.I.T.  Press, 

Cartridge,  HA. 

KEYWORDS:  Site  Planning;  Landscaping. 

lynch, K. ,  Site  Planning.  Second  Edition  [  1972.] 
fl.I.T.  Press,  Cartridge,  HA. 

KEYWORDS:  Site  Developaent. 

Marsh, w.,  Envi ronaen tal  Analysis  for  Land  Use  and  Site 
Planning.  [  1978.]  HcGraw  Hill,  Mew  York,  MY 
KEYWORDS:  Site  Planning;  Analysis;  Landscaping. 

Means,  R.  E.,  Parcher,  J.  7.,  Physical  Properties  of  Soils 
Charles  E.  Merrill  Books  [  1963 

KEYWORDS:  Structural  problees;  Soils 

Moffat, A. S.,  Schiler,H.,  Landscape  Design  that  Saves 
Energy.  [  198  1.]  silliaa  Morrow  and  Company,  Inc.,  MY. 

KEIWORDS:  landscaping;  Site  Developaent;  Energy  Savings. 

01qyay,V.,  Design  With  Cliaate.  [  1963..]  Princeton 
Oniv.  Fress,  Princeton , H.J . 

KEYWORDS:  Landscaping;  Site  Developaent. 

Packard, R. ,  Architectural  Graphic  Standards.  [  1981..] 
American  Institue  of  Architects. 

KEYWORDS:  Graphic  Standards. 

Pa rcher , J. V. ,  Means, R.E.,  Soil  Mechanics  and  Foundations. 

[  I960.]  Charles  E  Merrill  Publishing  Co,  Colusbus,  Ohio. 
KEYWORDS:  Expansive  clay;  Foundations;  Soil  Movements. 
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1.  ECOKS 

A.  Construction  Practice 


2.  Site  Developaent 
(CCNTIMOZD) 


Hofcinette, G.O.,  ScClenon ,C.,  Landscape  Planning  for  Energy 
Conservation.  [  1977.  ]  Aaerican  Society  of  Landscape 
Architects  Foundation,  Environaental  Design  Press,  Seston, 
11. 

FEIHORDS:  landscaping;  Site  Developaent;  Energy  Savings. 

I 

3.  Haterproofing 


. .  The  I PCI  Hoofing  t  Haterproofing  Hanual. 

.  (  Jan. 1981.]  National  Hoofing  Contractors  Assoc., Oak 

Park, II. 

PETHORDS :  laterproofing;  Roofing. 
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2.  SOCKS 

S.  Hazard  flitigation 


I.  Stractaral  Design 


Kearny,  C.  H. ,  Chester,  C.  T.,  Blast  Tests  of  Expedient 
Shelters  147  pages.  [  Jan,  1974.]  Oak  Ridge  Rational 
laboratory 

Sponsored  by:  Energy  Research  and  Development  Agency  (ERDA  ) 
KETBORDS:  Expedient  Shelters;  Blast  Tests 

HcGavin,G. L. ,  Earthquake  Protection  of  Essential  Building 
Eguipaent.  «iley,l35  [  1981 
KETBORDS:  Earthquake;  Design 

ABSTRACT:  A  plan  for  classification  and  qualification  of 
individual  pieces  of  eguipaent  in  buildings  to  be  protected 
from  earthquake  daaage.  Such  major  systeas  as  data 
processing,  elevator,  emergency  power  supply  and  air 
handling  are  related  in  each  systea,  suggests  its  seisaic 
category,  appropriate  seisaic  specifications  and  seisaic 
gualif icat ion. 

ETAIOATIOH :  Recoaaended  for  designers  of  buildings  in 
earthquake-prone  areas. 

2.  Civil  Defense 


Bealy,  B.  J.,  Emergency  and  Disaster  Planning  [  1969.] 

John  Eiley  5  Sons,  lev  Tork 

KETBORDS:  Disaster  Planning;  Civil  Defense 

Kearny,  C.  H. ,  Ruclear  Bar  Survival  Skills  CRRL  -  5037 
513  pages.  [  1979 

Sponsored  by:  Department  of  Energy  (DOE) 

KETBORDS:  Expedient  Shelters;  Survival;  Technigues; 
Eguipaent. 
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1.  EOCKS 

C.  Energy  Belated 
1.  Passive  Solar 


Langley, J. B.,  San  Belt  Earth-Sheltered  Architecture  [  * 

Eeceeber  1980 

flarria,  E. ,  The  Passive  Solar  Energy  Book.  435  pages.  [  £ 

1979.]  Rodale  Press,  Eaaons,  Pa. 

REIHOBOS :  Heat  Transfer;  Insulation;  Znergy  Saving;  Passive 
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I.  BOOKS 

0.  Examples 


1.  Experience 


Oehler,!!.,  The  $50  and  Op  Onderground  House  Book.  I  12 
pages.  f  1978.]  Hole  Publishing  Co. ,Rt.  1,  Box  618, 
Benners  Ferry,  Idaho.  $6. 

KE1HOBOS:  Eesign;  Cost. 

Bcy.B.I.,  Onderground  Houses:  Hon  to  Build  a  low  Cost 
Bcae.  128  pages.  [  1979 
KEYWORDS :  Design;  Cost;  Planning. 

ABSTRACT:  A  description  of  the  process  the  author  used  in 
buillding  his  bone. 

2.  Floor  Plan  "Proven"  Design 


Ahrens,  D. ,  Ellison,  T.,  Sterling,  R.,  Earth  Sheltered 
Hcaes,  Plans  and  Designs.  vanHostrand  Reinhold,  $9.95 
128  pages.  [  1981 
KEYWORDS:  Designs;  Hoaes;  Details. 

ABSTRACT:  An  update  of  the  Onderground  Space  Center's  1978 
aanual  (by  Bay  Sterling)  "Earth  Sheltered  Housing  Design". 
It  has  a  greater  variety  of  designs,  guidelines,  exaaples 
and  references. 

EVALOATIOH:  A  valuable  update  of  an  iaportant  work,  for 
both  hoaeoaner  and  architect. 

Chalaers,  I.  S.,  Jones,  J.  A.,  Hoaes  in  the  Earth 
[  1980.]  Design  Concept  Associates.  19.95 

KEIHORDS:  Earth-Sheltered;  Onderground;  Designs;  Design 
Concept  Associates. 

ABSIBACT:  A  coapendiua  of  earth-sheltered  housing  (40 
exaaples).  Authors  give  readers  peraission  to  use  the 
designs  under  their  own  responsibility. 

EVALOATIOH:  Excellent  drawings. 

Sells,!).,  Onderground  Designs.  87  pages.  [  1977 

KEYWORDS:  Design;  Site;  Codes;  Waterproofing;  Insulation. 
ABSIBACT :  Plans  and  170  illustration  of  18  of  Wells' 
underground  designs. 
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2.  BOOKS 

E.  Public  Policy 


I.  Earth  Sheltered  Coaaunities 


Sterling, fi .L,  Caraody,  Elnicky,G.,  "Architerra" 
Earth-Sheltered  Coaaucity  Design  [  1981.]  Underground 
Space  Center,  Oniv.  of  Hinn. 

2.  Backet  Penetration 


Brcwn,l.i.,  Innovative  Diffusion:  A  Mew  Perspective  [ 
1981.]  Hetheun 

Hough, G.I.,  Technology  Diffusion:  Federal  Prograas  and 
Procedures  [  1975.  ]  flt.  Airy:  Loaond  Books 

Rogers, E.(f .  ,  Shoeaaker ,F. ,  Coaaunication  of  Innovation  [ 
1971.]  Sew  York:  Free  Press 

Zaltaan,G. ,  Duncan, B.  Holbeck,J.,  Innovations  and 
Organizationa  [  1973.]  New  York:  John  Wiley 

3.  Policy  Iipleaentation 


Eardach,E. ,  I ipleaentation  Gaae  [  1977.]  Caabridge, 

BA:  BIT  Press 

Carnes ,S.A.,  "Confronting  Coaplexity  and  Uncertainty: 
Iipleaentation  of  Hazard  Waste  Hanageaent  Policy" 
Envirooaental  Policy  Iipleaentation  [  1982.]  Lexington, 
BA:  Lexington  Books 

Ingraa ,H. S. ,  Hann,D.E.,  Why  Policies  Succeed  and  Fail  [ 
1980.]  Beverly  Hills,  CA :  Sage  Publications 

Iovi,T,  Ginsberg, E.,  et  al,  Poliscide  [  1975.]  Nev  York 
Bacaillan  Publishing  Co,  Inc. 

Hann,D.E.,  Ed.,  Environaental  Policy  Iipleaentation  [ 
1982.]  Lexington,  HA:  Lexington  Books 

Hazianian, D.A . ,  Sabatier , P .A . ,  Effective  Policy 
Iipleaentation  [  1981.]  Lexington,  HA:  Lexington  Books 

Fressaan,J.,  Sildavsky, A. ,  Iipleaentation  [  1973.] 

Eerkeley:  Oniv  of  California  Press 

Beiger,A.J.,  "The  Solar  Bank:  A  New  Energy  Incentive" 
Incentives  to  Stiiulate  Solar  Energy  Use  -  A  Proceeding  of 
the  Second  Seattle  Workshop  [  1981.]  Pacific  Northwest 
laboratory 
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I.  EOOKS 

E.  |  Public  Policy 


4.  Impact  Assessment 


- : — f  Federal  Incentives  for  Sclar  Homes:  An 

Assessment  of  Program  Options  [  1977.  ]  Cambridge,  HA : 
fiOPI,  Inc. 

Finsterbosch, K. ,  Bolf,C.P.,  eds,  Hethodology  of  Social 
lapact  Assessment  £  1977. ]  Stroudsburg,  PA:  Bcmden, 

Hutchinson  and  fioss 

lynch,,|  The  Image  of  the  City  [  I960.]  Cambridge,  HA 
Ihe  HIT  Press 
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1.  BOOKS 

F.  General  Treataent 


. ,  Barth  Sheltered  Residential  Design  Manual.  [ 

1981..]  HOD/Onderground  Space  Center,  Univ.  Minn. 

Kf liiOBDS :  Design;  Construction. 

Baua,G.T.,  Boer, A. J.,  Macintosh, J. C. Jr.,  Barth  Shelter 
Handbook.  224  pages.  £  I960.]  Tri/Arch.  Associates, 
Milwaukee:  Tech/Data  Publications ($12. 95) 

KEYWORDS:  Design;  Sketches;  snvironaental  Iapact;  Codes; 
Expansive  Claj;  Structure. 

ABSTRACT:  A  priaer  for  the  dc-it-yourselfer  in  earth 
sheltered  houses,  oriented  toward  the  Great  lakes  region. 
EVALOATICH:  Priaer  basically  for  the  "Do-It-Yourself *  types. 

Caapbell,S.,  Underground  House  Book.  208  pages.  [ 

1980.]  Garden  Bay  Publishing  Co.,  Charlotte,  VI.,  $9.95. 

K£ YSOHDS :  Design;  Site  Developaent;  Cost;  loans; 
fiaterproof ing;  Insulation. 

ABSIBACI:  A  guide  for  do-it-yourselfers.  Chapter  topics 
include  land,  financing, site  developaent,  heat,  interior 
decoration.  Many  drawings  and  dragraa  are  included. 
EVA10ATI0N :  Good  general  guide  for  novices. 

Frenette,  E.  8.,  Holthusen,  T.  l.,ed.,  Barth  Sheltering: 

The  Fora  of  Energy  and  the  Energy  of  Fora.  Fergaaon 
Fress,S35,  paperback,  lib.  Cong.  CC  HO  81-8643  245  pages. 

(  1981.]  Underground  Space  Association 

KEYHOBDS:  Design  Coapetition;  Residential;  Coaaercial; 

Research. 

ABSTRACT:  Design  drawings  of  51  exaaples  of  earth-sheltered 
designs  subaitted  to  the  1981  Aaerican  Underground  Space 
Association's  design  coapetition.  There  were  14  awards  in  4 
categories  -  single  faaily,  non-residential,  aultifaaily 
and  research. 

E VA1UATI0H :  Gives  a  fair  view  of  present  state  cf  the  art 
as  seen  by  professors  of  architecture. 

Jones, C.O.,  Clean  Air  [  1975.]  Pittsburgh:  Univ.  of 
Pittsburgh  Press 

lane,  Anderson.,  Builders  Manual  on  Barth  Sheltered 
Construction.  [  1982..]  Concrete  Construction 
Publication s. 

KEYWORDS:  Design;  Construction. 

Scalise, J. W.,  Barth  Integrate  1  Architecture.  300  pages. 

[  1975.]  College  of  Architecture,  Oniv.  of  Ariz,  Teape, 

12. 

KEYWORDS:  Design. 

ABSTRACT:  A  workbook.  Consists  of  designs  froa  student 
research  and  design  projects  on  earth  integrated 
architecture.  Eaphasis  on  southwest  cliaate. 
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I.  COOKS 

F.  General  Treatment 


Scott,  B.  G. ,  Bov  to  Enild  lour  Own  Underground  Hone:  A 
Complete  Guide  to  Planning,  designing.  Building  and  Living 
Comfortably  in  a  Geothermic  Home.  TIB  Books,  Blue  Bidge 
Summit,  PA.  256  pages.  f  1979 
KEYWORDS:  Do-It-Yourself;  Design;  Evaluation. 

Stauffer,!.,  Underground  Utili2ation:  A  Reference  Manual 
of  Selected  Works  in  8  Volumes.  £  1978..]  Dept,  of 
Geosciences,  Univ.  of  Mo, Kansas  City, MO.,  $52. 5C 
KEYWORDS:  Design;  Construction. 

ABSTRACT:  A  combination  of  many  reprinted  and  new  articles 
cn  all  aspects  of  underground  construction. 

Sterling,  B.  Editor.,  Earth  Sheltered  Bousing  Design: 
Guidelines,  Examples  and  References.  310  pages.  £  1978.] 

Underground  Space  Center,  Univ.  of  Hin.si  $11.00 
KEYWORDS:  Earth  Sheltered;  Underground;  Design;  Energy 
Conservation;  Insulation:  Waterproofing;  Code  Requirements; 
Zoning. 

ABSTRACT:  A  definitive  exploration  of  all  facets  of  earth 
sheltered- housing,  design  snd  construction.  The  report  is 
intended  to  assist  people  in  the  layout  and  design  of 
earth-sheltered  houses  and  covers  public  policy  issues  like 
codes,  zoning  and  finance.  Plans  and  sections  of  20 
earth-sheltered  houses  are  included. 

EV1LUATI0M:  The  most  significant  single  contribution  to  the 
literature  of  earth-  sheltered  housing  during  the  70' s. 
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II.  Technical  Bepcrts. 

A.  Construction  Practice 


1.  Site  Development 


Beans, B.E. ,  Soil  Investigation  for  Building  Foundations. 
Publication  Ho.  94.  [  1955. ]  Oklahoma  Engineering 

Experiment  Station,  OSO,  Stillwater, OK. 

KE1S0BDS:  Site  Development. 

2.  Structural  Design 


.......  Hanaal  for  the  Construction  of  Besidential 

Basements  in  Hon-coastal  Flood  Environs.  HOD,  Federal 
Insurance  Administration. 

KE1BOBDS :  Basements;  Design;  Insulation;  Haterproofing. 

Beans, B.Z, ,  Parcher, J . V. ,  Foundations  for  Small  Houses  in 
Oklahoma.  Publication  Ho.  99.  [  1958. ]  Oklahoma 

Engineering  Experiment  Station,  OSO,  Stillwater,  OK. 
(tEXHOBDS:  Design;  Foundation. 

Spears,  B.  E. ,  Constructing  Earth  Sheltered  Housing  with 
Concrete.  36  pages.  [  Undated.  ]  Portland  Cement 
Association,  Building  Div. 

Sponsored  by:  O.S. Department  of  Housing  and  Urban 
Development.  (Contract  H-S  235) 

KEEHOBDS:  Concrete;  Design. 

3.  Cost 


Biexel,G.,  "Energy  and  Construction  Costs  of  Earth 

Sheltering."  £  I S8 1  -  ]  Setter,  leach  and 

linstrom, Inc. /Underground  Space  Center.  Univ.  of  Hinnisota 

Shapira, H. B. ,  Cristy,G.A. ,  Bright, S.B. ,  Tost,H.B.,  "Cost 
and  Energy  Comparison  Study  of  Above  and  Belowground 
Dwellings"  0faNL/C0H-9  1  [  Feb.  1983.]  Oak  Ridge  National 

laboratory 
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II.  Technical  Reports. 

B.  Hazard  Mitigation 


I.  Structural  Design 


Eoyer,L.l.  Ed.,  "Building  Design  for  Environaentai 
Hazards."  Multiprotection  Design  Manual.  Vol.  IV.  [ 
Dec.  1973.]  Defense  Civil  Preparedness  Agency  (DCPA) 
Sponsored  by:  DCPA/DOD,  Washington, D.C. 

Cristy,  G.  A.,  Expedient  Shelter  Survey,  Final  Report  - 
CBN1-4860  250  pages.  [  July,  1973.  ]  Oak  Ridge  National 

laboratory 

Sponsored  by:  Atoaic  Energy  Coaaissicn 
KEIHORDS:  Expedient  Shelter 

Cristy,  G.  A.,  Kearny,  C.  H. ,  Expedient  Shelter  Handbook. 
CRHL-494  1  300  pages.  [  Aug.  1974.]  Oak  Bidge 

Iational  Laboratory 

Sponsored  by:  Energy  Research  and  Developaent  Agency  (ERDA) 
KEIWOBDS:  Expedient  Shelter 

House, C.,  Architectural  Design  Technigues  for  Fallout 
Protection  and  Energy  Conservation  TR-86  [  Sept. 

1978.]  Howard  University,  School  of  Architecture  and 
Flanning. 

Sponsored  by:  DCPA/DOD 

KEIWOBDS:  Design;  Fallout;  Energy  Conservation. 

Kiael, W. B.  (Ed . ) ,  Radiation  Shielding  TR-40  [  Nov. 

1966.  ]  Kansas  State  University,  Manhattan,  KS. 

Sponsored  by:  OCD/DOD,  Washington,  D.C. 

KE1WORDS :  Shielding;  Fallout. 

Kuaaer.B.E.,  Sprankle ,B.B . ,  Multiprotection  Design  -  Wind, 
Ground  Motions,  Environaentai.  TR-20,  Vol.  6  [  Dec. 

1973.  .]  Defense  Civil  Preparedness  Agency  (DCPA) 

Sponsored  by.  DCPA/DOD,  Washington,  D.C. 

KEI WORDS :  Design;  Protective  Construction;  Wind; 

Earthguake;  Envircnaent. 

Moreland  Associates,  Earth  Covered  Buildings:  An 
Exploratory  Analysis  for  Energy  and  Hazard  Perforaance. 

286  pages.  (  198  1 

Sponsored  by:  Federal  Eaergency  Hanagesent  Agency  (FEMA) 
KEIWOBDS:  Earth  Covered  Buildings;  Hazard  Mitigation; 
Economics. 

Ward,  D.  3.,  Building  Design  for  Radiation  Shielding  and 
Iheraal  Efficiency.  TE-85  44  pages.  [  Dec  1977. ] 

Defense  Civil  Preparedness  Agency  (DCPA) 

Sponsored  by:  DCPA 

KEIWOBDS:  Fallout;  Shielding;  Energy  conservation;  Design. 
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II.  Technical  Bepcrts. 

B.  Hazard  Mitigation 


1.  Structural  Design 
(CONTINUED) 


Wright, B.,  Eraser, S.,  Culver, C.  (Eds.)  ,  Building  Practices 
for  Disaster  (litigation  BS546  f  Feb.  1973.]  National 
Bureau  of  Standards,  Washington, D.C. 

KEYWORDS:  Disaster  {litigation;  Building  Practices 

2.  Upgrading  Techniques 


Tansley,  R .  S.,  Bernard,  fi.  D.,  Shelter  Upgrading  Manual: 
Key  workers  Shelter  127  pages.  [  May  1981.]  Scientific 
Services  Inc.  .(SSI) 

Sponsored  by:  Federal  Energency  Manageaent  Agency  (FEMA) 
KEYWORDS:  Key  Workers;  Upgrade;  Expedient 
ABSTRACT:  Cne  of  a  series  being  developed  to  support  rs p. 
Manual  is  intended  for  planners  and  plant  perscnnel  in  risk 
areas.  Presents  Methodology  for  evaluating  baseaent  areas 
and  expedient  shelters.  Tables  and  charts  for  closing  and 
shoring  saall  openings.  Foraat  is  looseleaf.  Expedient 
shelters  considered:  buried  tanks,  rail  cars,  stora  drains, 
concrete  utility  vaults,  fiberglass  cylinders. 

EVALUATION:  Pretty  sketchy  but  a  reasonable  first  cut. 

Tansley,  R.  S.,  Gabrielsen,  B.  L.,  Cugner,  C.  J., 

Upgrading  of  Existing  Structures.  Phase  III.  Shelter 
Design  Options.  [  Hay  1981.]  Scientific  Services,  Inc. 
(SSI) 

Sponsored  by:  Federal  Eaergency  Manageaent  Agency  (FEMA) 
KEYWORDS:  Upgrading;  CRP;  Failure  Prediction. 

ABSTRACT:  Results  of  an  investigation  of  blast  upgrading  of 
existing  shelters  by  developing  failure  prediction 
aethodolcgies  for  various  structure  types  and  verifying 
these  by  full-scale  load  tests.  Upgrading  scheaes  designed 
for  use  in  support  of  CRP.  Structure  types  included:  wood, 
steel,  and  concrete  floor  and  roof  systeas.  A  prograa 
suaaary  includes  charts  and  data  for  design. 

EVALUATION:  Fairly  thorough  but  soae  structures  were  not 
tested. 


3.  Civil  Defense 


. .  Fallout  Radiation  Shielding  TR-20  (Vol.  1) 

June,  1976 

Sponsored  by:  DCPA/DOD,  Washington,  D.C. 

KEYWORDS:  Fallout  Shelter;  Radiation  Shielding;  Civil 
Defense;  Design 


II.  Technical  Reports. 

B.  Barard  (litigation 


3.  Civil  Defense 
(CC NT I HO ED) 


. ,  Domestic  Nuclear  Shelters.  Technical  Guidance.  1 

Hoae  Office  Guide.  [  198  1.]  floae  Office  (O.K.) 

KEISCBDS :  Design;  Classification  Strategy;  Supplies; 
Feraanent;  Iaprovised 

ABSIBACT :  Coaprehensive  guide  for  shelter  planning  and 
design.  Sections  on  effects  of  nuclear  weapons,  design 
reguireaents,  shelter  strategy  and  supplies,  designs  for 
peraanent  and  for  iaprovised  shelters. 

EViLOlTICHi  7ery  good 

- ,  Protective  Construction  TR-39  [  lug.  1981.] 

Federal  Emergency  Hanageaent  Agency  (FEBA) ,  Washington,  D. 
C. 

KEIBOBDS;  Civil  Defense;  Protection 

Randall, P. A. ,  "Daaage  to  Conventional  and  Special  Types  of 
Residences  Exposed  to  Nuclear  Effects"  Operation  Teapot 
Ercject  31.1  BT  1 19h  [  1961.]  Civil  Effects  Test 

Grcup,  OS A  EC 

Sponsored  by;  Housing  and  Hoae  Financing  Agency;  Federal 
Civil  Defense  Agency 


II.  Technical  Be{.crts. 
C.  Energy  Be  lated 
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1.  Beat  Transfer 


Dill,B.  S.,  Robinson, H.  C.,  Sobinson,H.  E . ,  Beasureaent  of 
Heat  Losses  froa  Slab  Floors.  BBS  103  National  Bureau 
of  Standards,  Washington, D.C. 

KEYWORDS :  Heat  Transfer;  Insulation. 

Kersten,B. S.,  Theraal  Properties  of  Soil.  Vol.  Ill 
No.  21  94  pages.  [  June  1,  1949.]  Binnesota  Engineering 

Experiaent  Station. 

KEIiOBDS:  Heat  Transfer;  Insulation. 

Kusuda,T.,  Earth  Teaperatures  Beneath  Five  Different 
Surfaces.  National  Bureau  of  Standards  Beport  10313.  [ 

let.  1971. 

KEIiOBDS :  Ground  Teaperatures. 

2.  Insulation 


Claesson,J.,  Eftring.B.,  Optiaal  Theraal  Insulation  and 
Ground  Heat  Lasses.  Beport  by  Iund  Institute  of  Technology. 
[  Aug  1979.]  Dept,  of  Hatheaatical  Physics,  Lund,  Sweden 
KEYWORDS:  Insulation;  Heat  Transfer 

Kaplar,C.H.,  Studies  of  Hoisture  Effects  on  Theraal 
Conductivity  of  Higid  Insulation.  CRREL  International 
Beport  No.  207  [  1969..]  O.S.Aray  CBBEL,  Hanover, N.Y. 

KEYWORDS:  Insulation;  Boisture. 

Schaefer,D.,  Water  Absorption  of  Insulation  in  Protected 
Beatrane  aoofing  Systeas.  CBBEL  Technical  Note.  [  Jan. 
1974..]  O.S.Aray  CBBEL,  Hanover,  N.Y. 

KEYWORDS:  Insulation;  Boisture;  Roofing. 

3.  Passive  Solar 


labs,  K.,  Regional  Analysis  of  Ground  and  Aboveground 
Cliaate  for  Architectural  Design.  [  1981. 

Sponsored  by;  Oak  Ridge  National  Lab/  DOE  Innovative 
Structures  Erograa. 

KEYWORDS ;  Bicrocliaate;  Teaperature;  Regions. 
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21.  Technical  Bepcrts. 

D.  Psychological  and/or  Physiological 

1.  Eaylighting 

. .  How  to  Predict  Interior  Daylight  Illumination..  [ 

Undated.  ]  libbey  -Owens-Ford  Company,  Toledo,  Ohio. 
KEIBOBDS:  Eaylighting;  Predicting. 

Ccllins,B. I. ,  Windows  and  People:  A  literature  Survey; 
Psychological  fieaction  to  Environments  with  and  without 
Bindows.  BSS  70.  7ol.  70  [  June  1975.]  lational 

Eureau  of  Standards,  Bashisgton,  D.C. 

KEIBOBDS:  eaylighting;  Psychological  Factors. 

Bop kinson, B.G. ,  Architectural  Physics:  Lighting.  £  1963.] 
EflSC ,  London. 

XEXBOBDS:  Eaylighting. 

2.  Acceptability 

- ,  Potential  Use  of  Underground  Space.  Vol.  1  75 

pages.  [  Feb .  1975.  ]  Dept  of  Civil  and  Mineral 

Ingineering,  Oniv.  of  Minn 

Sponsored  by:  University  of  Minnesota. 

XEXBOBDS:  Underground  Space;  Use. 

- ,  Preliminary  Design  Information  for  Underground 

Space  Vol. 2  [  Aug.  1975.]  Department  of  Civil  and 

Mineral  Ingineering,  Oniv.  of  Rinn. 

Sponsored  by:  University  of  Minnesota. 

XEXBOBDS:  Design;  Underground  Space. 

Eergaan,  H.,  The  Potential  for  Underground  Industrial, 
Commercial  and  Storage  Facilities  in  Minnesota.  183 
pages.  [  Undated.]  Underground  Space  Center,  Oniv.  of 
flirn. 

XEXBOBDS:  Underground  Storage;  Underground  Commercial;  Use. 

lutz,  F.  W.,  lynch,  P.  D. ,  Lutz,  S.  B.,  ABO  Hevisited:  An 
Evaluation  of  the  ABO  Elementary  School  and  Fallout 
Shelter.  pp  1-30.  [  June,  1972.  ]  Defense  Civil 

Freparedoess  Agency  (DCFA) 

Sponsored  by:  DCP1 

XEXBOBDS:  School;  Evaluation;  Psychological  Effects;  Mew 
Re  xico . 

ABSTBACI:  The  first  underground  school  in  the  world  was 
opened  in  1963  at  Artesia,  Sew  Mexico.  The  effects  of 
operating  underground  for  a  period  of  nine  years  were 
studied.  The  conclusions  were  that  there  had  teen  no 
detrimental  effects  on  students  or  teachers.  The 
underground  school  was  somewhat  more  costly  to  light  and 
cool  than  aboveground  schools  but  was  better  lighted  and 
cooled.  It  was  less  costly  to  heat. 

EVALUATION:  Very  good. 
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II.  Technical  Beports. 

D.  Psychological  and/or  Physiological 


2.  Acceptability 
(CCITIROED) 


Bobinette, G.O. ,  Plants,  People,  and  Environmental  Quality. 
[  1972.  ]  O.S.Oept  of  Interior,  Vational  Park  Service, 
Hash,£.C. 

REISCBDS:  landscaping;  Site  Developsent. 

3.  Public  Policy. 


. .  Legal,  Zconosic,  and  Energy  Consideratioas  in  the 

Osc  of  Underground  Space.  RSF/8A/S- 74-002  [  Sept. 

1974..]  U.S. Rational  Coaaittee  on  Tunneling  Technology. 
Sponsored  by:  Rational  Science  Foundation. 

KEYHOBDS:  Public  Policy;  Legal  Issues;  Econonic  Issues; 
Incrgy . 

Berry, L.G.,  Bronf san, L.H. ,  "Research  on  Roneconosic 
factors  Relevant  to  the  Diffusion  of  Solar  Total  Energy 
S jf tens"  CBR1/TH-7297  (  1980.]  Oak  Bidge  Rational 

laboratory 

Carnes, S. A.,  Copenhaver,E.O.,  Beed,J.H.,  et  al, 

"Incentives  and  the  Siting  of  Sadioactive  Baste  Facilities” 
CBfcL-5880  [  August,  1982.]  Oak  Bidge  Rational  Laboratory 

Jaffee,(l.,  Erby,D.,  Protecting  Solar  Access  for 
Residential  Developsent:  A  Guidebook  for  Planning  Officials 
£  1979.]  Bashing ton,  C.C.:  U.S. Government  Printing  Office 

Sterling, B.,  Aiken, fi.,  C*raody,J.,  Earth  Sheltered 
Housing:  Code,  Zoning,  and  Financing  Issues.  [  April 
1980.]  Oniv.  of  Hinn.  Underground  Space  Center. 

Sponsored  by:  O.S.Dept  of  Housing  and  Urban  Developsent. 
KS1BORDS:  Public  Policy;  Building  Codes;  Zoning;  Financing. 

4.  Financing. 


.......  Earth  Sheltered  Hone  Financing:  An  Introduction 

for  Lenders  and  Appraisers.  ORMl/SUB-705 1 3V-2  [  Sept. 

19  8  1  (Draft).]  Oak  Bidge  Rational  Lab. 

Sponsored  by:  U.S.Dept  of  Znergy. 

RITSORDS:  Public  Policy;  Financing;  Lenders;  Appraisers. 
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12.  technical  Bepcrts. 
2.  Examples 


1.  Experience 


Boyer,  I.  I.#  Grondzik,  8.  T.,  fluaan  Contort  and  Energy 
Center  ration  in  Earth  Sheltered  Baildings.  [  1980.  ] 
Irchitectaral  Extension,  Okla.  State  (Jniv.,  Stillwater, OK. 
KE18OB0S :  Earth  Coupling;  Energy  conservation. 

Grondzik,  8.  7.,  Johnston,  T.  1.,  Boyer,  L.  t. ,  Monitoring 
cf  Earth  Sheltered  Residences  in  Okla.,  Project  Report.  [ 
198  1 

Sponsored  by:  Control  Data  Corporation 
KE1HOBDS:  Ground  Coapling;  Monitoring 
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II.  Technical  Bepcrts. 

F.  General  Treataent 


. ,  Design  and  Analysis  of  Earth  Integrated  Buildings. 

£  1981.]  Architectural  Extension,  OSD,  Stillwater,  OK. 

KEISCBDS:  Design;  Analysis 

ABSTBACT:  A  Technical  Seninar  Workbook. 

Eligh,  T.  P.,  "Building  Underground"  Building  Systeas 
Design  22  pages.  [  Cct/Nov,  1976 
XEIBOBDS:  Energy  Saving;  Coaaunities;  Designs 
1BSTBACT:  Underground  and  earth-covered  construction  offers 
significant  opportunity  for  saving  energy,  reducing 
building  ccsts  and  perserving  land  values.  These  aethods 
lend  theaselves  tc  aass  production  technigues  without 
endless  repetition  and  can  effect  energy  savings  of  75*  or 
■ere. 

labs,K.,  The  Architectural  Use  of  underground  Spaces: 
Issues  and  Applications.  160  pages.  [  1975.  ] 

Thesis  (H. Arch. ) ,  Washington  University,  St.  Louis, HO. 
KETHOBDS:  Design,  Issues;  History. 

ABSTBACT:  The  thesis  discusses  the  advent  of  underground 
architecture.  It  covers  potential  iaplications  of 
underground  design  practice,  issue  in  design  and  use  of 
underground,  specific  probleas  related  to 
structure, regional  suitability,  environaent,  and 
landscaping. 

COHHEHT :  Also  available  froa  Ken  Labs.,  147  Livingston  St. 
lew  Haven  CT.  065  1 1 
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III.  Articles  and  Papers. 

A.  Construction  Practice. 


t.  Innovative  Techniques. 


. .  " Advertisement."  Barth  Sheltered  Digest  and 

Energy  Report.  No.  18  [  Nov/Dec,  1981.]  a.  S.  Gypsum 

Metal  Products  Division 

KEY808DS:  Products;  "Bernold";  Concrete  Forms;  Gunite. 
ABSTRACT:  The  "Bernold"  system  fori s  the  shell  and  serves 
as  permanent  reinfcrceient.  Coibines  punched  and  foned 
steel  with  Shctcrete  or  Gunite.  Produced  by  O.S.Gypsui 
Metal  Products  Division. 

EVALUATION:  Good. 

. ,  "Precast  Gives  Gliipse  of  Future."  Earth 

Sheltered  Digest  and  Energy  Report.  No.  17  pp  46-47.  [ 

Sept/Oct,  1981 

KEYHORDS:  Techniques;  Precast  Concrete;  Economics;  Prefab 
Bcdules. 

ABSTRACT:  David  lash's  aasters  thesis  at  Hass.  Inst,  of 
Tech.  "Opportunities  and  Liiitations  for  the  Use  of  Precast 
Concrete  in  Earth  Sheltered  Housing",  deals  with 
"Industrialization  of  Earth  Sheltering".  He  gives 
perspective  to  the  precast  industry.  Includes  a  post  HWII 
history  cf  housing  in  Europe  and  Aierica. 

EVALUATION:  North  reading 

- ,  "Hy  Mother's  House  -  The  Halls  Go  Up"  Mother 

Earth  News  Vcl.  70  pp  106-108.  [  July/Aug  1981 

- f  "Collaborative  Learns  Building  Skills"  Earth 

Shelter  Living  Fp  4-5.  [  Sept/Oct  1982 

Lunde,M.B.,  "Precast  Hould  Hake  Good  Halls."  Earth 
Sheltered  Digest  5  Energy  Report.  pp  16-17.  [  1981 

KEYHORDS:  Precast  Components;  Roofs;  Halls. 

AESTRACT:  Redesign  of  a  residence  for  a  Minnesota  Energy 
Agency  grant  required  careful  analysis  of  cost 
ef feet ivenes, energy  iapact  and  on-site  coordination 
difficulties.  The  aaterial  of  choice  for  roofs  in  the 
Minnesota  area  is  precast  concrete.  A  significant  market 
for  precast  fcaseaent  and  underground  walls  exists  but  there 
are  no  suppliers. 

Nelson,  J. ,  "Tilt-up  Done  On  Site"  Earth  Sheltered  Digest 
and  Energy  Report,  No.  18  pp  6-9.  [  Nov/Dec,  1981 

KEYHOHDS:  Techniques;  Tilt-up;  Nebraska. 

ABSTRACT:  Procedure  for  tilt-up  method  is  explained  in 
detail,  A  crane  is  required  to  lift  the  panels  after  they 
have  cured  but  all  ether  work  can  be  done  manually.  Costs 
not  reported.  Euilder  is  James  Nelson  of  River  City 
Builders. 

EVALUATION:  Very  informative. 
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III.  Articles  and  Papers. 

A.  Construction  Practice. 


2.  Site  Development. 


Elifrits,  C.  D . ,  Augenbaugh,  H.  B. ,  "Geotechnical  Aspects 
of  Site  Selection  and  Evaluation  for  Earth-Sheltered  Type 
Housing. "  Proceedings  Onderground  Space  Confecence  and 
Exposition,  Kansas  City,  HO  [  June  1981 
KEI WORDS :  Structural  Frobleas;  Soils 

Jones, 0.  E.,JB.,  "The  Expansive  Soil  Problea"  Onderground 
Space  Pol.  3  Ho.  5  [  Har/Apr,  1979 

KEYWORDS:  Structural  Frobleas;  Expansive  Soil 

Birth, I.E.  ,  "landscape  Architecture  Above  Buildings." 
Onderground  Space  Pci.  1  [  1977. ]  Onderground  Space 

Association.  /  Pergaaoc  Press 
KEYWORDS :  landscape. 

3.  Saterprcof ing. 


. .  "Soil  Considerations  in  Subgrade  Waterproof ing. " 

Euilding  Research.  [  Nov/Dec  1964 
KEXHOBDS:  Soil;  Site  Cevelopaent. 

lane, C. A.,  "Waterproofing  Earth  Sheltered  Hones."  Fine 
Bonebuilding.  [  April/Hay  1981.]  Taunton  Press,  Newtown 
CT. 

KEYWORDS :  Waterproofing 

HcGroarty, B.fl . ,  "Waterproofing."  Earth  Sheltered  Digest  £ 
Energy  Report.  Pol.  10  No.  13  [  1980-1981 

KEYWORDS:  Waterproofing. 

4.  Structural  Design. 


Eunker,D,  "Designed  For  Deep  Texas"  Rodales  New  Shelter 
pp  27-30.  [  Jan  1982 

KEYWORDS:  Case  study;  Frank  Horeland;  Decatur,  IX. ; 
North-facing;  Poured  Concrete. 

IES1RACT:  House  designed  by  Horeland  has  poured  concrete 
shell,  10-in. -thick  vails.  Roof  is  precast,  prestressed 
8-in.  concrete  planks,  topped  by  another  poured  layer. 

Roof  has  3  in.  of  rigid  high-density  polystyrene  insulation 
covered  by  3  ft  of  earth.  The  house  faces  north  to  give 
tetter  cooling,  A  2-tcn  heat  pump  provides  both  heating 
and  cooling.  Cost  of  2176-sq-ft  house  was  $120,000 
(555/sg-ft)  including  Italian  tile. 

E VALUATION :  Example  of  use  of  north-facing  windows. 
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111.  lrticles  and  Papers. 

&.  Construction  Practice. 

4.  Structural  Design. 

(CCBTIN0ED) 

Het2,  D.,  "Heavy  Loads"  Bodalevs  Hew  Shelter  [  Jan 
19e2.  ]  Bodale  Press 

KEXHOBDS :  Boot  Design;  Concrete  footings;  Polystyrene, 
Oretbane;  Theraal  Breaks. 

ABSTRACT:  Technical  discussion  of  structural,  probleas  and 
various  solutions.  Probleas  include  concrete,  footings, 
walls,  and  insulation.  Coapares  reinforced  concrete  walls 
with  concrete  block  walls,  poured  in  place  concrete  slab 
roofs  with  precast  concrete  plank  roofs  and  heavy  tiaber 
roofs.  Cost  and  perforaance  of  urethanes,  extruded 
polystyrenes,  and  expanded  polystyrenes  are  coapared. 

"Heat  bleeding"  and  the  need  for  theraal  breaks  are 
discussed. 

EYAIOATICll :  very  inforaativ-* 

5.  Cost. 

. .  "Study  Shows  lower  Energy  and  Construction  Costs 

frca  Earth-Sheltering."  Onderground  Space.  pp  197-198. 

[  Jan/Fefc  198  1. 

KEXHOBDS :  Coaputer  flodel;  Life-cycle  Cost;  Construction 
Costs. 

ABSTRACT :  A  study  perforaed  by  an  architectural  fira 
assisted  by  the  Onderground  Space  Center  at  Oniv.  of  Hinn. 
tased  on  coaputer  aodels,  found  construction  costs  for 
beraed  structures  to  be  less  than  for  conventional 
buildings  but  costs  for  fully  buried  structures  were  higher 
than  conventional.  The  study  claias  that56  00  the  payback 
for  beraed  structures  is  iaaediate  for  all  cliaates  but 
that  the  additional  cost  for  fully  covered  structures  was 
not  justified  in  the  ailder  cliaates. 

. .  "Resales  Set  Barket  Values."  Earth  Shelter  Digest 

S  Energy  Report.  pp  37-38.  [  Hay-June,  1981 

KEXHOBDS:  Cost;  Value;  Besale;  Ccaaercial. 

Jones,  L.  S.,  "Hon-traditional  Military  Oses  cf 
Onderground  Space."  Onderground  Space  Vol.  2  No.  3  , 

pp  153-158.  [  April,  1978 

KEXHOBDS:  Military  Oses;  Medical  Facilities;  Storage; 
Quarters;  Cost. 

ABSTRACT :  Onderground  construction  can  be  very  advantageous 
to  ailitary  estab lishaents  for  such  things  as  storage 
facilities  of  all  kinds,  aedical  facilities,  and  even 
housing  for  adainistration  and  quarters.  Initial  costs 
estiaated  about  I  IX  above  surface  construction.  Life  cycle  j 
costs  are  coaparable  tc  aboveground  structures. 

EVALUATION:  Good  discussion  of  uses  of  underground 
structures . 


147 


« 

! 

1 

4 

i 


III.  Articles  and  Papers. 

A.  Construction  Practice. 


£.  Cost. 
(CONTINUED) 


lane, C.A.,  "in  Essay  -  Frequently  asked  Questions  on 
earth-sheltered  Bousing."  underground  Space.  Vol.  4 
No.  3  [  1979.  ]  Underground  Space  Center,  Univ.  of  Minn. 

KEIHGBDS:  Haterproofing 

Iunde.H.B.,  "Thernal  and  Earth  Covered  Hoof  Costs 
Ccapared."  Earth  Sheltered  Digest  and  Energy  Heport  No. 
18  pp  18-20.  C  Nov/Dec,,  1981 

KEY1CHDS:  Icononics,  Thernal  roof,  Berned,  Earth-covered 
1BSTH1CT:  Costs  of  "Thernal  Hoof"  (flat)  house  -  S87968, 
earth-sheltered,  sloped  roof  -  199,447.  Advantages  and 
disadvantages  of  berned  and  earth  sheltered  houses 
ccapared.  Belated  articles  on  Nos.  14  and  15  ISD  &  EE. 
EVALUATION:  Valuable  comparison.  Suaaary  depends  on 
related  articles  (g.v) . 

Lunde,H.8.,  "Efficiency  Compared:  Earth  Covered  and 
Thernal  Roof."  Earth  Sheltered  Digest  and  Energy  Report 
No.  15  pp  26-29.  [  Bay/June,  1981 

KEYWORDS :  Econoaics;  Thernal  Hoof;  Berned 
ABSTRACT:  Two  houses  identical  except  for  roof  structures 
are  coapared  for  heat  loss:  One  is  an  underground  house 
with  12"  to  15"  earth  cover;  The  other  is  a  berned  house 
with  a  "thernal  roof".  Calculated  heat  loss  in  Minneapolis 
weather  was  27  less  for  the  "thernal  roof".  See  related 
articles  in  ISD8EE  No.  14,  pp  28-29,;  No  18,  pp  18-19. 
EVALUATION:  Only  part  of  the  story.  See  related  articles. 

Lurde,N.B.,  "Covered  vs  Conventional  -  "Thernal  Roof"  is 
Introduced."  Earth  Sheltered  Digest  and  Energy  Report 
No.  14  pp  28-29.  [  Bar/Apr,  1981 

KIYHCBDS:  Thernal  Boof;  Econoaics;  Berned. 

ABSTRACT:  earth-teraed  structures  without  soil  on  the  roof 
are  cheaper  than  earth  covered.  Bartin  Lunde  6  Associates 
developed  a  "Therial  Pcof"  for  cost  and  energy  comparisons. 
Ccxparisons  are  continued  in  No.  15 (May/June)  and  No. 

18  (Nov. /Dec) . 

EVALUATICN:  Only  part  of  story  see  continuation  articles. 

Haller, C. A..  Taylor, R. A.,  "No  Cause  for  Apprehension  about 
Costs  of  Insuring  Earth-Sheltered  Hones."  Underground 
Space.  Vol.  5  pp  28-30.  [  1980 

KEYHOBPS:  Public  Policy;  Costs;  Insurance;  Financing. 
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III.  Articles  and  Papers. 
B.  Hazard  Mitigation. 


1.  Structural  Design. 


. . ,  "Disasters  Point  Say  to  Ja rth  Shelters."  Barth 

Sheltered  Digest  S  Energy  Report,  pp  11-14.  [  Mar. /Apr. 

1980 

KEIHOBDS :  Public  Policy;  Hazard  (litigation. 

Echn,  C.,  "The  Underground  Tube  Hoae."  Hoie  Energy  Digest 
and  Sood  Burning  Cuarterly.  [  Fall  1978 
KEIHOBDS:  Steel  Culvert;  Prefabricated;  Design. 

ABSTRACT:  Gives  a  design  using  prefabricated  steel 
culverts.  Ho  technical  inforaation.  Architesct  was  Michael 
McGuire  of  Steelwater,  Minnesota.  Manufacturer  was  Modular 
technology  Corporation.  P.O.Box  6,  Plato  Center,  II,  60170 

2.  Civil  Defense. 


. .  "'Egg'  is  Fallout  Shelter,  Vacation  Hcae" 

laergency  Planning  Digest  pp  18-19.  [  Oct/Dec,  1981 

KEIHOHDS:  Prefab;  Fallout  Shelter;  Fiberglass. 

AESTBACT:  The  "Egg"  is  a  reinforced  fiberglass  structure 
designed  as  a  fallout  shelter  and  a  vacation  hove.  It 
sells  for  S30,000  coapletely  installed.  It  has  an 
eaergeLcy  exit  built  in.  The  unit  is  furnished  and 
eguipped  with  cabinets,  cushions,  cooking  utensils,  shovel, 
batteries,  laaps,  TV  and  radio.  A  470  gallon  tank  for 
water  is  provided. 

EVAIOATICN:  A  new  idea  that  aay  have  proaise  in  soae 
(liaited)  applications. 

. .  "In  the  Event  of  Catastrophe."  Underground  Space. 

Vol.  5  Ho.  6  pp  344-355.  [  May/June  1981 

KEIHOHDS ;  Public  Policy;  Catastrophe. 

Chester,  C.  V.,  "Incorporating  Civil  Defense  Shelter  Space 
in  Hew  Underground  Construction."  Proceedings  cf 
Underground  Space  Conference  and  Exposition,  K.C.,Ho.  pp 
31-47.  [  June  8-  10,  1981 

KEIHOHDS;  Underground  Construction;  Blast  Shelter. 

Sisson,G.H.,  "Underground  for  Huclear  Protection." 
Underground  Space.  Vol.  4  No.  6  pp  341-348.  [ 

Say/June  1980 
KEIHOHDS:  Civil  Defense. 
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III.  Articles  and  Papers. 
C.  Energy  Belated. 


1.  Beat  Transfer. 


Hougten,P.C.,  Iaiauty,D.I. ,  Gutberlet, c. ,  Brown, C.J., 

"Heat  loss  Through  Baseaent  Halls  and  Floors." 

Transactions  ASBBAE  Ho.  1213  pp  369*364.  [  194 2 

REE HOBOS :  Heat  Transfer;  Insulation. 

Kusuda,T.,  Achenbach,P.B. ,  "Earth  Teaperature  and  Thernal 
Oiffosivity  of  Selected  Stations  in  the  Doited  States." 
Transactions  ASHBAE  Vol.  71  pp  61-75.  [  1965 

KE1H0BDS:  Ground  Teaperature;  Theraal  Diffusivity;  Cliaate. 

Iatta,J.K.,  Boileau,G.G.,  "Heat  losses  froa  House 
Baseaents. "  Canadian  Euildings.  Vol.  10  Ho.  10  p  4. 
[  Oct.  1969,.]  Rational  Besearch  Council  of  Canada. 
KE1GOBOS:  Heat  Transfer;  Insulation;  Baseaents. 

Baff,  S.  J,  "Ground  Teaperature  Control"  Underground 
Space  Vol.  3  Ho.  1  pp  35-44.  [  1978 

K21HOBDS :  Ccafort;  Ground  Heating;  Plastic  Ground  Cover. 
ABSTSACT:  Control  of  underground  teaperature  to  hold  near 
ccafort  zone  was  investigated.  Covering  the  ground  with 
glass  or  clear  plastic  can  achieve  this  goal  at  depths  of  5 
aetezs  or  acre.  Paving  and  south  slope  can  get  within  5 
degrees. 

IVA10ATI0H:  Effective  tut  expensive.  There  are  letter  and 
cheaper  ways. 

Shipp, P.H.  ,  Heixel,G.D.,  Baasey,J.H.,  "Analysis  and 
Heasureaent  of  the  Theraal  Behavior  of  the  Halls  and 
Surrounding  Soil  for  a  Large  Underground  Building." 
Underground  Space.  Vol.  5  No.  2  [  Sept/Cct  1980 

KEIHOBDS:  Heat  Transfer;  Insulation. 

Speltz,J.J.,  Heixel,G . C. ,  "Coaputcr  Siaulation  of  the 
Theraal  Perforaance  of  Ea.th  Covered  Roofs."  Underground 
Space.  Conf.  and  Expo  -  roceedings .  Pergaaon  Press.  [ 

June  8-  10,  198  1 

KEIHORDS:  Heat  Transfer;  Insulation. 

2.  Insulation. 


Aafcrus,!.,  Koaoly,T.,  "Hoisture  Hoveaents  Under  Coabined 
Effects  of  Teaperature  and  Vapor  Pressure  Gradient." 
Refrigeration  Journal.  [  July , Aug, Sept, Oct.  1968. 
KEIHOBDS :  Insulation;  Hoisture. 
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2.  Insulation. 

(CCHTISUID) 

Eait,J.,  "Getting  Into  It:  Oabrella  Modifies  Soil 
Teaperature. "  Earth  Shelter  living  27  pp  8-9.  [ 

Bay/June  1983 

KEIBORDS:  Underground  Insulation. 

AESTBACT:  A  nev  look  at  insulation  configurations 
underground. 

EVALUATION :  Has  pcssi biliries . 

Hedin,C.P. ,  "floisture  Gains  by  Foaa  Plastic  Hoof 
Insulation  Under  Controlled  Teaperature  Gradients." 

Journal  of  Cellular  Plastics  £  Sept/Oct.  1977 
KEIBORDS:  Insulation;  Moisture. 

Joy,F.A.,  "Theraal  Conductivity  of  Insulation  Containing 
Moisture."  Theraal  Conductivity  Measureaent  and 
Application  of  Theraal  Insulation.  ASTH  Special 
Technical  Publication  217  [  1957.  ]  ASTH 

KEIBOKDS:  Insulation;  Hoisture;  Conductivity. 

Kaplar,C.B.,  "Hoisture  and  Freeze-Thaw  Effects  on  Rigid 
Insulation."  Technical  Report  Ho.  249  [  April  1974..] 

U.S.Aray  CEEEL ,  Hanover, H. I. 

KEIBORDS:  Insulation;  Hoisture. 

Levy,H.H.,  "Hoisture  Vapor  Transaission  and  its  Effects  on 
Theraal  Efficiency  of  Foaa  Insulation."  Journal  of 
Cellular  Plastics.  [  Jan.  1966 

KEIBORDS:  Foaa  Plastics;  Hoisture;  Theraal  Efficiency. 

Heixel,G.D. , Shipp, P.H.,Bligh,T.P.,  "The  Iapact  of 
Insulation  Placeaent  on  the  Seasonal  Heat  Loss  Through 
Baseaent  and  Earth  Sheltered  Balls."  Underground  Space 
Vcl.  5  Ho.  1  [  July/Aug  1980 

KEIBORDS :  Heat  Transfer;  Insulation;  Baseaent. 

Vadnis,  K. ,  "Truths  Hay  Ee  Buried  in  Insulation."  Earth 
Sheltered  Digest  and  Energy  Report.  Ho.  18  pp  10-12.  [ 

Hov/Dec, ,  198  1 

KEIBORDS:  Polystyrene;  Styrofoaa;  Insulation;  R-values; 
Ccapressive  Strength;  Bater  Absorption. 

ABSTRACT:  Frobleas  with  polystyrene  insulation.  31ue  board 
(styrofoaa)  produced  by  Dow  and  pink  board  (forsular)  by 
O.S.Gypsua  are  extruded.  All  white  board  is  expanded. 
Quality  control  of  white  board  is  not  dependable. 
Perforaance  standards  have  not  teen  developed.  R-values 
are  aanufacturer * s  data.  Ho  third  party  testing  available. 
Ccapressive  strength  and  water  absorption  are  advertised 
by  aan uf acturers . 

EVALUATION:  laportant  Caveats. 


221.  Articles  and  Papers. 
C.  Energy  Belated. 

3.  Passive  Solar. 


Baggs,  S.  A.,  "Effects  of  Vegetation  on  Earth  Cooling 
Potential."  Proceedings  of  Earth  Shelter  Perforaance  and 
Evaluation.  Tulsa,  OX.  [  Oct.  1981 
KEI80BDS :  Earth  Coupling;  Vegetation. 

Boyer,  L.  1.,  Grondzik,  9.  T. ,  Weber,  H.  J.,  "Passive 
Energy  Design  and  Habitability  Aspects  of  Earth  Sheltered 
Housing  in  Cklahoaa."  Underground  Space  Vol.  4  Ho. 

[  1980 

KEXHOBOS:  Earth  Coupled  Cooling;  Disaster  Protection; 
Energy. 

Boyer,  1.  1.,  Grondzik,  9.  T. ,  "Habitability  and  Energy 
Perforaance  of  Earth  Sheltered  Dwellings."  Proceedings  cf 
Third  International  Conference  on  Alternate  Energy  Sources 
[  Dec.  1980 

KEYWORDS:  Ground  Coupled  Cooling;  Energy  Savings. 

Boyer, 1.1,  "Evaluation  of  Energy  Savings  Due  to 
Daylighting"  Proc.  Inti.  Passive  Cooling  Conf . AS/ISES, 
fliaai  Eeacfa.  [  Bov.  1981 
EE7HOBDS:  Eaylighting;  energy  savings. 

Ezra, A. A.,  "Technology  Utilization:  Incentives  and  Solar 
Energy."  Science  Vol.  187  pp  4  1-78.  [  1975 

Xusuda,  T. ,  Achenbach,  P.  B, ,  "Earth  Teaperature  and 
Theraal  Diffusivity  at  Selected  Stations  in  the  United 
States."  ASHBAE  Transactions  71. Part  1  [  1965 

KEYWORDS:  Earth  Teaperature;  Theraal  Diffusivity. 

labs,  X.,  "Underground  Building  Cliaate"  Solar  Age 
Vol.  4  p  10.  [  1979 

KEYWORDS:  Earth  Coupling. 

labs,  X.,  Watson,  D.,  "Regional  Suitability  of  Earth 
Teapering."  Proceedings  of  Earth  Shelter  Perforaance  and 
Evaluation.  Tulsa,  OK.  [  Oct.,  1981 
KEYWORDS:  Earth  Teapering 

Hurdoch , J. B . ,  "A  Proceedure  for  Calculating  the  Potential 
Savings  in  lighting  Energy  froa  Use  of  Skylights."  J. 
Illua.  Engr.  See.,  Vol.  6  No.  4  [  1977 

XEIWORDS:  Caylighting;  Skylights;  Energy  Savings. 

Weber,  H.  J. ,  Boyer  ,  I.  L. ,  Grondzik, 9.  T.,  "Ivplications 
for  Habitability  Design  and  Energy  Savings  in  Earth 
Sheltered  Housing."  Proceedings  of  Earth  Shelter  Design 
Innovations,  Ckla.  City.  [  April,  1980 
KEYWORDS:  Earth  Coupling. 


III.  Articles  and  Papers 
C.  Energy  Belated. 


3.  Passive  Solar. 
(CONTINUED) 


Bylie, J.,  "Gardening  in  Earth  Shelters."  Earth  Shelter 
living.  Ho.  27  pp  28-30.  [  Hay/June  1983 

KEI8CBES ;  Growing  Plants;  Passive  Solar. 

AESTBACT:  Owners  anst  decide  if  they  want  to  grow  plants  or 
snppleaent  the  heating  systea>  They  cannot  do  both. 
EVALUATION:  A  seldoa  heard  point  of  view. 


111.  Articles  and  Papers. 

0.  Psychological  and  Physiological 


1.  Daylighting 

. ,  "fiecoaaended  Practice  of  Daylighting. *  Lighting 

Design  and  Application.  Vcl.  9  No.  2  [  1979 

KE180BDS:  Daylighting;  Design  practice. 

.......  "Underground  Houses  -  8  Works."  Process: 

Architecture  7ol.  21  [  Jan  1981. 

KEISOEDS:  Daylighting. 

i 

£ennett,E.  ,  Eljadi,D.,  "Solar  Optics:  Projecting  Light 
into  Buildings."  A1A  Journal  [  March  1980 
KEISOET'S:  Eaylighting;  Solar  Optics. 

Eoyer#L.I. ,  "Subterranean  Designs  Need  Daylighting." 

Earth  Sheltered  Digest  8  Energy  Beport.  Vol.  1  No.  4 
[  1979  I 

REIWCBDS:  Daylighting. 

Eoyer,L.I.  ,  "Daylighting  in  Subterranean  Spaces." 
Proceedings  -  Going  Under  to  Stay  cn  Top.  [  Ncv.  1979.] 
Underground  Space  Center,  Univ.  of  Minnesota. 

RE 1WOBDS :  Eaylighting 

Eoyer,L.I.,  "Daylighting  Designs  Presented."  Earth 
Sheltered  Digest  and  Energy  Hepcrt.  No.  18  pp  13-15.  [ 

Ncv/Dec  *,  198  1 

KEISORDS:  Daylighting;  Glare;  Shadows;  Skylights. 

I ES  TRACT :  Problems  of  dayiighting  are  listed:  fewer 
windows,  acre  glare,  harsh  shadows,  poor  light 
distribution.  Skylights  have  problems.  "Flashlight"  beam, 
solar  penetration  in  suaaer.  Daylighting  factors  discussed. 
EVALUATION:  General  interest. 

Flynn, J.E.  ,  "The  ISES  Approach  to  Recommendations 
Begardiag  levels  cf  I lluaina tion  . "  Lighting  Design  and 
Applications.  Vol.  9  No.  9  [  1979 

REi WORDS:  Eaylighting;  Lighting  Standards. 

Villecco,M.,  5elkcwitz,S. ,  Griff ith,J. w. ,  "Strategies  of 
Daylight  Design."  AIA  Journal.  [  Sept.  1579 
RETSORDS:  Eaylighting;  Design. 

Wells, H.,  "North  Light  Admitted"  Earth  Sheltered  Digest 
and  Energy  Beport  No.  18  pp  II.  [  Nov/Dec,,  1981 
KEYWORDS:  Eaylighting;  North  windows;  Periscope. 

ABSTRACT:  North  openings  prevent  glare,  give  cress 
rentilation.  Periscope  effect  used  to  provide  panoramic 
view  without  serious  heat  leak. 

EVALUATION:  An  interesting  innovation. 
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III.  Articles  and  Papers. 

D.  Psychological  and  Physiological 


2.  Indoor  lir  Quality. 


lord,  D.,  "Interior  Environmental  Quality  in  Earth 
Shelters."  Proceedings  Earth  Shelter  Perforaance  and 
Evaluation,  Tulsa,  CK.,  Oct.  1961.  [  Oct.  1981 

KEISCBDS:  iir  Quality. 

flay,H.,  "Ionizing  Badiation  Levels  in  Energy-Conserving 
Structures.*-  Underground  Space.  Vol.  5  lc.  6  pp 
384-39 1 .  [  Say/June  198  1 

KITHOHDS:  Public  Policy;  Air  Quality;  Badon. 

Oswald , B. A . ,  "Tight  Hcuse  Can  Seal  in  Pollution."  Earth 
Shelter  Living  lo.  27  pp  36-37.  [  Bay/June  1983 

KEISORDS:  Badon;  Ventilation. 

ABSTRACT:  Tight  houses  need  controlled  ventilation  to  keep 
radon  levels  down.  A  radon  aeasuring  device  is  illustrated 
EVALUATION:  Very  good  suaaary  of  the  dangers. 

2.  Acceptability. 


. .  "Multi-Units  Attract  Students."  Earth  Sheltered 

Digest  5  Energy  Report.  pp  24-29.  [  Sept. /Oct.  1981 

REWORDS :  Public  Policy;  Acceptability. 

- 1  "Tcwnhouees  for  Sale."  Earth  Shelter  Living. 

Be.  26  pp  10-11.  [  Harch/April  1983 

Bcllon.S.D.,  Kendall, P.C. ,  lorsted,S.,  Batson, D., 
"Psychological  Responses  to  Earth-Sheltered,  Multilevel, 
and  Above  Ground  Structures  Bith  and  Without  Windows." 
Underground  Space.  Vol.  5  Vo.  3  pp  171-178.  [ 

Bov. /Dec.  1990 

REWORDS:  Public  Eolicy;  Psychological  Response;  Windows; 
Windovless  Space. 

McKovn,C.,  Stewart , K. K . ,  "Consumer  Attitudes  Concerning 
Construction  Features  cf  an  Ea r th- She ltered  Dwelling." 
Underground  Space.  Vol.  *  Bo.  5  pp  293-255.  [ 

Bar. /Apr.  1980 

REWORDS:  Public  Eolicy;  Acceptability;  Design. 

Boreland,  F.,  "Earth  Covered  Habitat,  an  Alternative 
Future."  Underground  Space  Journal  Vol.  1  pp  295-307 
[  1977 

REWORDS:  Design;  Acceptability. 
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111.  Articles  and  Papers. 

0.  Psychological  and  Physiological 


3.  Acceptability. 
(CCITIBUID) 


Sterling, E. ,Sarcliff,«.  pp,  "Sterling  and  Shurcliff 
Cctate:  Earth-Sheltered  floaes:  fleighing  the  Advantages." 
Underground  Space,  pp  200-20*.  [  Jan/Feb  198 1 

KZTBOBDS:  Advantages:  Disadvantages. 

AES1BACT:  Britten  debate  between  Sterling  (an  advocate  of 
underground  hones)  and  Sharcliff  (an  advocate  of 
saper-insalatcd  hcaes) . 

Stewart,!. X.,  fic!cvn,C.,  Peck,C.,  "Conaaner  Attitudes 
Concerning  an  Earth-Sheltered  Bouse."  Underground  Space. 
Vcl.  4  Bo.  1  pp  11-15.  £  July/lug.  1979 

KE1HOBDS:  Public  Policy;  Attitudes:  Acceptability. 

Bells, 8.,  "Vhy  I  Bent  Underground."  The  Futurist  p  22. 
(  1976 

4.  Public  Policy. 


.......  "Federal  Activities  in  Earth-Sheltered  and 

Underground  Constction."  Underground  Space.  Vol.  5 
■o.  5  pp  275-278.  £  Ear/Apr.  1981 

REIBOBCS :  Federal  Activities:  Public  Policy. 

. .  "Tax  Lavs  Hake  Pass  at  Passive."  Earth  Sheltered 

Digest  6  Energy  Bcport.  p  64.  £  Bar. /Apr.  198  I 

XE1BOBDS:  Public  Policy;  Tax;  Passive  Solar. 

Barker, H.B.,  "Earth-Sheltered  Construction:  Thoughts  on 
Public  Policy  Issues."  Underground  Space.  vol.  4  lo 
5  pp  283-288.  £  Harch/April  1980 

XUBCBDS:  Public  Policy. 

Coates, J.F.,  "Soae  Hethods  and  Techniques  for 
Coaprebensice  Zapact  Assessaent."  Technological 
Forecasting  and  Social  Change.  Vcl.  6  pp  341-357.  r 
1974 

Cocgan, A.H.„  "Classification  and  Valuation  of  Subsurface 
Space."  Underground  Space.  Vol.  3  Bo,  4  pp  175-186 
£  Jan. /Feb.  1979 

REIBOBDS:  Public  Policy;  Valuation;  Classification 

EegenXolt, J.G. ,  "Fire  Protection  for  Underground 
Buildings. "  Underground  Space.  Vol.  6  Bo.  2  pp 
93-95.  [  SeFt./Cct.  1981. 

KETBOFDS:  Fire  Protection;  Public  Policy. 
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212.  Articles  and  Papers. 

D.  Psychological  and  Pbysiclcgical 


4.  Pohlic  Policy. 
(CCITIIUZD) 


Duffaut,P. ,  "Site  Beservation  Policies  for  Large 
Onderground  Openings."  Underground  Snace.  Vcl.  3  So. 
4  pp  187-  193.  [  Jan. /Feb.  1979 

lEISCBDS:  Public  Policy;  Site  Beservation. 

Ellsworth, D.l.  et  al,  "The  OJSIS  2000  Hodel:  A  Bural 
Garth-Sheltered  Energy  Park."  Underground  Space  Tol.  6 
pp  153-159.  £  198  1 

Fairhurst,  C.#  "Going  Onder  to  Stay  on  Top."  Underground 
Space.  Sol.  1  Mo.  I  pp  71-86.  £  1976 

KilNOHCS:  Public  Policy;  Cost. 

Jansson,B. ,  "City  Planning  and  the  Urban  Onderground . " 
Underground  Space.  Tol.  3  Vo.  3  pp  99-115.  £ 

Ion. /Dec. 1978 

KZIHCSDS:  Public  Policy;  City  Planning. 

labs,R.,  "Underground  Developsent,  Zoning,  and  Tou." 

Earth  Shelter  Digest  8  Energy  fieport.  pp  4-7.  f 
Jul./Aug.  1979 

RZIBCKDS:  Public  Policy;  Zoning;  Development. 

laibert,B.,  "Planning  t or  Energy  Veeds:  A  Lock  at  Three 
Bee  Communities."  Onderground  Space.  Tol.  5  Vo.  6 

pp  362-369.  £  Hay/June  1981 

REIVCBDS:  Public  Policy;  Energy  Reeds. 

Ialier, S.,  "Assessing  En vironsental  Iapactlof  Earth 
Covered !Bu ildings. ■  Underground  Space.  Tol.  1  Vo.  I 
pp  309-315.  £  1977 

KEIBCBDS:  Public  Policy;  Environmental  Iipact. 

Ialier, fi.,  Horelacd,F. ,  *Earth-Sheltered  Architecture  and 
land  Use  Policy."  Underground  Space.  Tol.  1  Vo.  1 

FF  iii-iv.  r  1977 
KEIVCHDS:  Public  Policy;  Land  Use. 

flc«,H.D.,  "Technology  and  the  Legislator:  The  Talue  of 
Communication. *  Onderground  Space.  Tol.  4  Vo.  1  pp 
1-10.  £  Jul/iug .  1979 

RET9GBDS:  Public  Policy;  Legislation;  Coaaunication. 

Hondal«,S.,  "Energy  Park:  A  CoaprebensivelPro ject  to 
Address  Urban  Protleas."  Underground  Space.  Tol.  6 
■o.  2  pp  100-104.  £  Se pt./Cct.  1961 

REIVCBDS:  Public  Policy;  Energy  Park. 


III.  Articles  and  Papers. 

0.  Psychological  and  Physiological 


4.  Public  Policy. 
(CCI1I10ED) 


Scott, D. S. Ed. ,  "The  Earth  Experience  of  Codes,  Zoning 
Ordinances,  financing.  Incentives,  and  Attitudes." 
Proceedings  of  the  SOI  1980  Solar  Opdate.  [  Sept. 

24-26,  1980 

Sponsored  fcy:  O.S.Dept.  of  Energy 

KEISOBOS:  Public  Policy;  Zoning;  Financing;  Incentives. 

Shasa,!..  "Speeding  the  Diffusion  of  Solar  Energy 
Innovations"  Energy  Yol.  7  Ho.  8  pp  705-715.  [ 

1982 

Sterling, B,  Caraody,  J.,  "Cost  and  Code  Study  cf 
Underground  Building:  A  report  to  the  Minnesota  Energy 
Agency."  Underground  Space.  Fol.  4  Bo.  3  pp 
119-136.  [  lov/Eec.  1979 

ESI  HOBOS :  Public  Policy;  Cost;  Building  Codes. 

Swenson, G. S. ,  "Zoning  Ordinances  as  Obstacles  to  Earth 
Sheltered  Bousing:  A  Binnisota  Perspective."  Underground 
Space.  Yol.  3  Bo.  4  pp  165-174.  [  Jan. /Feb.  1979 

KEISOBOS:  Public  Policy;  Zoning. 

Thosas, B.A . ,  "Ownership  of  Subterranean  Space." 

Underground  Space.  Yol.  3  Bo.  4  pp  156-163.  [ 

Jan. /Feb.  1979 

RE1BCBDS:  Public  Policy;  Ovuership. 

lhccsen,G.  8. ,  fiue,B.L.,  "High  Bank  Instead  of  Eigh  Rise  - 
In  Earth-Sheltered  Approach  to  Hediui  Density  housing." 
Undergrcund  Space.  Yol.  5  Bo.  3  pp  149-151.  [ 

Bov. /Dec.  1980 

REISCBDS :  Public  Policy;  Hediua  Density  Housing. 

Banner, K.E.,  "lhe  Seed  for  Soae  Innovative  Concepts  of 
Innovation:  An  Examination  of  Besearch  on  the  Diffusion  of 
Innovations."  Policy  Sciences  Ycl.  5  pp  433-451.  [ 

1974 

Binguist,T.,  "How  Can  Society  Encourage  Appropriate  Use  of 
Undergrcund  Space7"  Underground  Space.  Yol.  5  Ho.  4 
pp  2  19-223.  [  Jan. /Feb.  198  1 

KEY  SC BOS:  Fublic  Policy. 
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D.  Psychological  and  Physiological 


5.  financing. 


I . .  Financing  an  Innovative  Energy  Conserving  Hoae:  A 

Borrower's  Guide.  OBHL/StJB-705  13?- 1  f  Sept.  198  1 
|  (Draft) .  ]  Cak  Eidge  Hational  lab. 

Sponsored  by:  O.S.Dept.  of  Energy 

KEISCBDS:  Public  Policy;  Financing;  Energy  Conserving. 

I 

|Forell,H.l . ,  "Financing  Earth-Sheltered  Housing:  issues 
and  Opportunities."  Underground  Space.  ?ol.  3  Ho.  6 
pp  297-301.  [  flay/June  1978 

KEIHCRDS:  Public  Policy;  Financing;  Issues;  Opportunities. 

j 

Hachcwski, E. ,  "Builders  Report  Healthy  Spec.  Harket." 
Earth  Sheltered  Digest  6  Energy  Report,  pp  15-17.  [ 

Sept./Cct.  196  1 

RE1HORDS:  Public  Policy;  Harket;  Builders;  Speculative 
Construction. 

|- 

Vadcais,K.,  "Insurance  Study  Favors  Earth-Sheltering." 
Earth  Shelter  Living  Mo.  26  pp  26-27.  [  Harch/April 

|ise3 

FEYiORDS:  Insurability. 

ABS1BACT:  After  two  years  of  research  sponsored  by  the 
national  Association  of  Mutual  Insurance  Coapanies, 
underground  housing  is  heralded  as  the  wave  of  the  future. 
lyAIOAIICH;  Looks  like  g^j'i  work. 
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III.  Articles  and  Papers. 
£.  Examples. 


1.  experience. 


...... ,  "By  Bother's  Bouse."  Bother  Earth  Hews. 

pp  106-108.  f  July/Aug  1981 
KE1BOBDS;  Bother  Earth  Hews;  Dry  Stacked  Block;  "Surewall"; 
Surface  Eonding. 

ABSTBACT:  The  first  in  a  series  oq  the  earth-sheltered 
heuse  being  built  at  BcTher  Earth  Hews'  Eco-village  in 
Berth  Carolina.  The  house  faces  5  degrees  east  of  south. 
The  back  of  the  cut  into  the  hillside  left  a  13  1/2-ft 
bank.  A  14-ft  retaining  vail  aade  vith  12-in.  concrete 
blccks,  laid  dry  and  surface  bonded  vith  "Surewall"  aastic 
foris  the  back  wall  of  the  split  level  house. 

EVA10A1ICH:  Interesting. 

.......  "fly  Bother's  House."  Bother  Earth  Mews.  Ho.  72 

(  Hcv/Dec,  1981 

KEIHOBOS :  Bater proofing;  "Surewall";  Surface  Bending. 
ABSTBACT:  Describes  the  building  and  waterproofing  of 
Bother  Earth  Hews*  house.  Baterproof ing  is  rubber  on  the 
reef.  Bentonite  on  the  vails. 

EMAIOATIOM:  Interesting  description  cf  surface  bonding 
technigue. 

.......  "Fire  BQ  Covered  for  23  years."  Earth  Sheltered 

Digest  and  Energy  Beport.  Mo.  18  pp  4-5.  [  Nov/Dec,, 

isei 

KEISOBDS:  Case  Study;  Early  Exaaple;  Government  Building. 
ET1I0ATICM:  Historical  interest. 

. ,  "Teas  Accepts  Design  Challenge"  Earth  Sheltered 

Digest  and  Energy  Beport  Ho.  18  f  28.  [  Hov/Dec,  1981 

KEliOBDS;  Cost;  Design;  Casey,  II. 

ABSTBACT;  Design  details  of  a  2400-sg-ft  earth  sheltered 
boose  in  Casey,  II.  Cost  was  10  to  15%  higher  than  siailar 
conventional  hoses  which  average  150/sg-ft.  Architect  was 
Tcs  Hiller  of  Chicago.  Electric  bill  was  S349.45  annually. 
lyAlOATlCM:  Fair. 

.......  "Restaurant  Successful  Dnderground. "  Earth 

Sheltered  Digest  and  Energy  Beport  Ho.  18  pp  38-39.  [ 

Bov/Dec, ,1981 

KETBOHDS:  Case  study;  Festaurant;  Gceentovn,  IH.;  Cost 
ABSTBACT;  A  2800-sg-ft  restaurant  in  Greentown,  IH.  Energy 
use  is  less  than  half  the  national  Bestaurant  Association 
average  energy  per  seal.  Cost  $120,000. 

EVAIDATIOI:  Indicates  F^blic  acceptance  of  underground 
space. 


III.  Articles  and  Papers. 
E.  Eiaiples. 


1.  Experience. 
(CONTINUED) 


. ,  "Huseua  is  Out  of  Sight"  Earth  Sheltered  Digest 

and  Energy  Report  Ho.  18  p  40.  [  Nov/Dec,  ,  198  1 

KEIHORDS:  Case  study;  Museum;  Multistory;  Des  Heines,  la. 
ABSTRACT:  Design  of  a  4  story  150, OCO-sg-ft  underground 
aaseua  for  the  Iona  State  Historical  Huseum  in  Des  Hoines. 
Designed  by  Broun,  Healy,  Bock  of  Cedar  fiapids,Ia.  The 
project  is  expected  to  cost  J11  aillion. 

£ VA10ATICH :  Good  exaaple  of  aultistcry  use. 

. .  "Cutting  Costs"  RodaleXs  r/ew  Shelter  p  22  (box). 

[  Jan  1982 

KEIHORDS:  Techniques;  Econoay;  Surface  Bonding;  Franchises; 
Euildicg  Plans 

ABSTRACT:  Bob  Boy  tells  in  "Underground  Houses:  How  to 
Build  a  Low-cost  Hone"  (Sterling  Publications)  how  he  built 
his  subsurface  house  for  less  than  $8000.  Two  of  his 
alternate  building  techniques  are:  1)  Surface  bonded 
concrete  block  walls;  and  2)  Sooden  plank-and-teaa  roofs. 
Standard  underground  heuse  plans  are  available  for  $500 
fro*  Elliscn  Design  and  Construction,  Minneapolis.  Plans 
for  "Earthtech  6"  designed  by  Don  Metz  are  available  for 
J  150. 

EVALUATION :  So*e  of  the  shortcuts  suggested  are  dangerous. 

Davis,  A.,  "My  Cave"  Underground  Space  Vol.  2  No.  3 
pp  151-152.  [  April,  1978 

KEIHORDS:  Case  Study;  Davis  Cave;  Franchise. 

ABSTRACT:  Built  in  1975.  Davis  was  so  impressed  with  its 
superior  qualities  and  low  cost  (net  reported)  that  he  is 
offering  franchises  for  others  to  build. 

EVALUATION:  Strictly  advertising. 

Hachowski,  B. ,  "Eerms  Shelter  Ozark  Developaent. "  Earth 
Sheltered  Digest  and  Energy  aeport.  No.  18  pp  54-57.  [ 

Ncv/Dec,  1981 

KEIHORDS:  Case  Study;  Hood  Roof;  Atriua;  Concrete  Hall; 
Eigblaudville,  M0. 

ABSTRACT:  Eeraed  on  three  sides  with  an  insulated  wood 
rcof.  House  in  Highlandville ,  MC.  cost  $25/sg  ft 
(exclusive  cf  land).  Mono-poured  walls  are  8  in.  thick; 
poured  slab  is  5  in.  thick.  Hall  insulation  is  1  in.  rigid 
board  polystyrene  over  the  top.  Reef  is  supported  by 
cciaercial  trusses  *ade  with  2x4s  and  covered  by  5/8-in. 
plywood. 

EVALUATION:  Interesting  case  study. 
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III.  Articles  and  Papers. 
E.  Exaaples. 


1.  Experience. 
(CCBTIHOED) 


Rawlings,  B.#  "Dig  It  Yourself"  Bodalevs  Hew  Shelter  pp 
23-26.  [  Jan  1982 

KEYHGBDS;  Case  study;  Poured  walls;  Elastoaer  Heabrane  ; 
iaterproof ing;  Cost. 

ABSTRACT;  Bob  and  flargaret  Scott  -  do  it  yourselfers  - 
tuilt  a  poured  wall,  concrete  plank  roof,  earth  sheltered 
house  with  the  help  of  a  consulting  engineer  and  several 
contractors.  Insulation  is  sprayed  on  urethane  foaa  with  4 
in.  on  the  roof  (B-30) .  Halls  have  4  in.  at  top,  tapering 
to  2  in.  (R-16).  Two  layers  of  polyurethane  elastoaer 
aeahrane  was  used  fcr  waterproofing.  The  Scotts  want  to 
try  tilt-up  walls  next. 

EVALUATION:  Good  exaaple  of  soae  real  probleas  that  can  , 
ccxplicate  earth  shelter 

Scott, a.,  "Moving  Underground"  Earth  Sheltered  Digest  and 
Energy  Report  Ho.  18  pp  22-27.  [  Hov/Dec, ,  1981 

KEYHOBDS;  Case  Study;  Concrete  Halls;  Concrete  Puaping; 
financing. 

ABSTRACT;  Two  articles  on  a  1735-sq-ft  earth  covered  hoae 
at  Coeur  d'Alene,  Idaho.  Troubles  included  financing, 
excessive  interest  costs,  a  concrete  puap  that  wouldn't 
puap,  and  collapse  of  the  concrete  chute. 

E VAIOATICH ;  Interesting. 

Vitt,J.E.,  "Developing  Kansas  City's  Underground  Space." 
Underground  Space.  ?ol.  4  Ho.  5  pp  284-292.  [ 

Har/Apr.  1980 

KEYHOBDS;  Public  Policy;  Case  Study;  Kansas  City,  HO. 


III.  Articles  and  Papers. 
t.  General  Treataent. 


labs,  K.,  "The  Architectural  Underground"  Underground 

Space  Tol.  1  Ho.  I  pp  1-8.  [  1976 

KEISCBDS:  Underground  Space;  History;  Caves;  Religion; 

Cliff  Duellings;  Kiva ;  Dugouts;  Cliaate  Control;  Civil 
lef ense. 

ABS1B ACT:  Underground  space  has  been  useful  for  thousands 
of  years.  Historical  exaaples  are  given.  Recently  a  new 
interest  has  evolved  and  a  nuaber  of  new  types  have  eaerged 
EVAIUATICH:  Excellent. 
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IV.  Bibliographies. 


. ,  "0S0  Besearch  Papers  and  Beports  on 

Earth-Sheltered  Buildings."  3  pages.  £  Dec  1980.] 
CJclahoaa  State  University,  Stillwater, OK. 

KEIVOBDS:  Bibliography 

AESTBACT:  A  list  of  OSU  research  papers  and  reports  on 
Earth-Sheltered  buildings  available  froa  Architectural 
Intension  at  CSU, 

EVALUATION :  17  papers  listed. 

- - "Earth  Shelter/  Undergrourd  Bibliography."  17 

pages.  £  1979.  ]  Earth  Shelter,  Inc. 

KEIVOBDS :  Bibliography;  Infonation;  Planning;  Construction. 

Jones, I.  K. ,  "Underground  Construction"  p  15.  £  Nov.  1,. 

1979.  ]  CJclahoaa  State  University,  Stillwater, OK. 

KEIVOBDS:  Bibliography 

ABSTBACT:  Contains  approxiaately  250  references  to  articles 
and  other  publications  on  underground  construction, 
EVALUATION:  Coaprehensive . 

Keehn,  P.  1.,  Earth-Sheltered  Bousing:  An  Annotated 
Bibliography  and  Directory.  CPL-43  £  Jan.  1981.] 
Council  of  Planning  Librarians. 

KEIVOBDS:  Eibliography ;  Author  Index;  Architects;  Builders. 
ABSIBACT:  Contains  232  earth-sheltered  housing  abstracts, 
with  author  index,  lists  13  earth-sheltered  housing 
conferences,  38  architects  and  builders  of  earth- 
sheltered  structures,  and  4  booksellers. 

EVALUATION :  Helpful  but  not  coaplete. 

Peter, A.,  Soil  Thetaal  Properties,  An  Annotated 
Bibliography.  [  1962.]  The  Pranklin  Institute, 

Philadelphia,  PA. 

KEIVOBDS:  Eibliography. 


V.  Proceedings 


- ,  Earth  Shelter  2:  Collected  Papers  Presented  at 

Earth  Sheltered  Conference  and  Exhibition,  Minneapolis,  HN. 

[  April  9-11,  198C 

Sponsored  hy:  Oniv.  of  Minn  Underground  Space  Center. 
KEYBORDS :  Detailing;  Performance;  Ground;  Cliaate;  Legal; 
Cost;  Environment. 

- -  Proceedings  of  Passive  and  Hybrid  Cooling 

Conference.  Miaai,  FL.  [  1981.]  American  Section/ 

International  Solar  Energy  Society  (ISES) . 

KEYBORDS :  Earth  Coupling;  Passive  cooling. 

Ecyer,  L.  I., Ed.,  Proceedings:  Earth-Sheltered  Building 
Design  Innovation.  Second  national  Technical  Conference. 

132  pages.  [  April,  1980 

KE1BORDS:  Innovations;  Earth  sheltered;  Design; 

Construction;  Acceptability;  livability;  Energy 
Conservation;  Besolts;  Data. 

ABSTRACT;  A  technical  conference  held  in  Oklahoma  City  in 
April  1980.  Half  of  the  papers  were  authored  by 
architects,  one  third  by  engineers,  the  rest  by  contractors 
and  researchers. 

EVALUATION:  Good  guality  technical  information. 

Eoyer,L.L. Ed. ,  Proceedings:  Earth  Sheltered  Performance 
and  Evaluation,  Second  National  Technical  Conference. 

Tulsa,  OK.  [  Oct.  16-17,  198  1. 

Sponsored  by:  Architectural  Extension,  Okla.  State  Univ. 
KEYBORDS:  Earth  Erviranaent;  Design;  Modeling;  Analysis; 
Passive  Solar. 

Hclthusen,  T.  I.,  Ed.,  The  Potential  of  Earth  Sheltered 
and  Underground  Space.:  Today's  Resource  for  Tciorrov's 
Space  and  Energy  Viability.  Pergaaon  Press,  J48.  503 

pages.  [  June  1981 

KEY  WORDS:  Civil  Defense;  Subways;  Ccasercial;  Residential. 
ABSTRACT:  Papers  presented  at  a  syaposiua  held  in  Kansas 
City  in  June  198  1 . 

EVALUATION:  Bide  range  of  subjects. 

Moreland,?.,  Higgs,  Shih,  Eds.  .,  "Earth  Covered  Euildings 
and  Settleaents.  CONF-780 5- 1 3 8  part  1  and  part  2" 

Proceedings  of  conference:  "Alternatives  in  Habitat:  The 
Use  of  Earth  Covered  Euildings  and  Settleaents".  Two 
vcluaes  [  May  1978..]  Univ.  of  Texas,  Arlington,  TX. 
Sponsored  by:  Dept,  of  Energy/Innovative  Structures  Program. 
KEYBORDS:  Earth  Environment  Design;  Modeling;  Analysis; 
Passive  Solar. 


V.  Proceedings 


Boreland,F. ,Ed. ,  Alternatives  in  Energy  Conservation:  The 
Dee  of  Earth  Covered  Buildings.  Proceedings  and  Motes  of  a 
Conference  Held  in  Ft.  Sorth,  TX.  July  9-12,  1975. 
BSF-HA-760006  [  July  ,  1975 

Sponsored  by:  Hational  Science  Foundation  -  SABS 
KEIIOHDS:  Earth-covered;  Energy  conservation. 

COBBEHT:  Available  froa  O.S.  Gcvernaent  Printing  Office, 
Sashington,  D.C.  020402  Stock  Ho.  038-000-00286-4.  *3.25. 


11.  Fact  Sheets 


"Site  Investigation"  Earth  Sheltered  Structures  Fact 
Sheet  01  OBHL/SUB- 78 49/01  p  8.  [  Dec  198  1.] 

Underground  Space  Center,  Univ.  of  Sinn. 

Sponsored  by:  GfiMl/U.S  DOE ,  Office  of  Buildings  and 
Coaaunity  Systeas  Buildings  Division. 

KEIWOHDS:  Snrroundings ;  Cliaate;  Topography;  Geology;  Soil; 
Ecology. 

— ,  "Planting  Considerations"  Earth  Sheltered  Structures 
fact  Sheet  02  CBHL/SOB-7849/02  6  pages.  £  Mov  1981.] 

Underground  Space  Center,  Oniv.  cf  Sinn. 

Sponsored  by;  CBKI/  O.S.  DOE,  Office  of  Buildings  and 
Coaaunity  Systeas,  Buildings  Division 

REIROBDS:  landscaping;  Planting;  Shrubs;  Trees;  Garden. 

- ,  "Waterproofing  Techniques"  Earth  Sheltered 

Structures  Fact  Sheet  03  OBH1/SDB-7849/03  p  4.  [  Dec 

1980. ]  Underground  Space  Center,  Oniv.  of  Sinn. 

Sponsored  by:  OEHI/  O.S.  DOE,  Office  of  Buildings  and 
Ccaaunity  Systeas,  Buildings  Division  . 

KEYWORDS;  Waterproofing;  Site  planning;  Drainage;  Beobranes 

- ,  "Waterproofing  Considerations  and  Baterials."  Earth 

Sheltered  Structures  Fact  Sheet  04  CBHL/SUB-7849/04  12 

pages.  [  Sept  1S81.]  Underground  Space  Center,  Oniv.  of 
Minn 

Sponsored  by;  CBHI/0. S.DOE,  Office  of  Buildings  and 
Coaaunity  Systeas,  Buildings  Division. 

KEIWOBDS:  Waterproofing;  Site;  Soil;  Cliaate;  Ccst; 
lifespan;  applications;  Materials. 

- ,  "Insulation  Principles"  Earth  Sheltered  structures 

Fact  Sheet  05  CBH1/SUB-7849/05  8  pages.  [  May  1981.] 

Underground  Space  Center,  Univ.  of  Minn. 

Sponsored  by:  CBSI/U. S.DOE,  Office  of  Buildings  and 
Coaaunity  Systeas,  Buildings  Division. 

KEIWOBDS:  Insulation;  Beat  leak;  Cliaate;  U-Value. 

- -  "Insulation  Materials  and  Placeaent."  Earth 

Sheltered  Structures  Fact  Sheet  06  OBNL/S UB-7849/06  5 

pages.  [  Hay  1981.]  Underground  Space  Center,  Univ.  of 
Minn. 

Sponsored  by:  OBSI/U. S. DOE,  Office  of  Buildings  and 
Coaaunity  Systeas,  Buildings  Division. 

XE7 SQfiDS :  Insulation;  Materials;  Selection;  Placeaent. 

- ,  "Daylighting  Design."  Farth  Sheltered  Structures 

Fact  Sheet  07  CBNL/SOB-6974  IV- 0  1  5  pages.  [  lug 

1981. ]  Underground  Space  Center,  Uuiv.  of  Minn. 

Sponsored  by:  CBSI/U. S .DOE,  Office  of  Buildings  and 
Ccaaunity  Systeas,  Buildings  Division. 

KEYWORDS :  Daylighting;  Natural  light;  Energy;  Glare; 
Shading. 


VI.  Fact  Sheets 


- ,  "Indoor  Air  Quality"  Earth  Sheltered  Structures 

fact  Sheet  08  CB8L/S0B-6974 1V-Q 1  6  pages.  [  Aug 

1981.]  Underground  Space  Center,  Oniv.  of  Binn. 

Sponsored  by:  CBHI/O. S. DOE,  Office  of  Euildings  and 
Ccaaunitj  Systeas,  Buildings  Division. 

KEIBOBDS :  Pollutants;  Ventilation;  Busidity;  Filtration. 

—  - -,  "Earth  Coupled  Cooling  lechnigues."  Earth 

Sheltered  Structures  Fact  Sheet  09  OBH1/SOB-69741V-03 

6  pages.  [  Aug  1981.]  Onderground  Space  Center,  Oniv.  of 
Binn. 

Sponsored  by:  CBH/0.S.DOE,  Office  of  Buildings  and 
Ccaaunity  Systeas,  Buildings  Division. 

KEIBOHDS:  Earth  coupled;  Cooling;  coafort;  Cliaate. 

- -  "Disaster  Protection"  Earth  Sheltered  Structures 

Fact  Sheet  10  04  6  pages.  [  Sept  1981.]  Onderground 

Space  Center,  Oniv  of  Binn. 

Sponsored  by:  CBHI/C. S.DOE,  Office  of  Buildings  and 
Ccaaunity  Systeus,  Bcildings  Division. 

KEIBOHDS:  Storas;  Tornadoes;  Earthguakes;  Civil  Defense. 

- "Building  in  Expansive  Clays"  Earth  Sheltered 

Structures  Fact  Sheet  11  OH8L/SOB-6974 1 V-05  6  pages. 

[  Sept  198  1.]  Underground  Space  Center,  Oniv.  of  Binn. 
Sponsored  by:  CBHI/O. S.DOE,  Office  of  Buildings  and 
Ccaaunity  Systeas,  Buildings  Divisicn. 

KEIBOHDS:  Expansive  Clay;  Structural  integrity. 

—  - - t  " Passi ve  Solar  Heating"  Earth  Sheltered 

Structures  Fact  Sheet  12  OFHL/SCB-697 4 1V-06  6  pages. 

[  Sept  198  1.  ]  Underground  Space  Center,  Oniv.  cf  Binn. 
Sponsored  by:  CBHI/O. S. DOE,  Office  of  Buildings  and 
Coaaunity  Systeas,  Buildings  Division. 

KEIBOHDS:  Passive  Solar;  Direct  Gain;  Troabe  Wall;  Design. 
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VI.  Fact  Sheets. 


. ,  Hoae  Blast  Shelter  6  pages.  [  Hay  1978.] 

Defense  Civil  Preparedness  Agency  (DCPA) 

Sponsored  by:  Defense  civil  Preparedness  Agency. 

KE1SC8DS:  Underground;  Concrete;  Shelter. 

ABS1BACT:  A  pasphlet  giving  a  design  of  a  blast  shelter  for 
individual  hoaes. 

£ VA10A TICS :  Design  shoald  be  iaproved  to  reduce  cost. 

. ,  Earth  Integrated  Building  Construction.  24  pages. 

[  June  1979..]  Portland  Ceaent  Association.  Skokie,  II. 
KEIBCBDS:  Planning;  Design;  Construction;  Ezaaples. 
AESIBACT:  Contains  background  inforcation  on  earth 
sheltering  and  gives  ezaaples  of  projects  in  the  planning 
and  coapleted  stages.  Eeferences  to  other  sources  of 
inf creation. 

. .  Bindstora  Protection  Design  {  3  Booklets) 

lfi-03;  TB-831 ;  TB-838  [  July  1975;  Sept.  1975;  April 

1976.]  Defense  Civil  Preparedness  Agency  (DCPA) ;  DCPA/DOD, 
Sashingtcn ,E. C. 

Sponsored  by:  CCPA/DCD 

KEIBCBDS:  Bindstora  Protection;  Protective  construction; 
Design;  Structures 

Sinacns,  L.  B.,  Passive  Solar  Earth  Sheltered  Eousing.  10 
pages.  [  April,  1981.]  Siaacns  and  Sun. 

KEIBCBDS:  Foured-in-place  Concrete;  Post-Tensioned 
Concrete;  code  Frctlevs;  Financing. 

ABSTRACT:  A  discussion  of  soae  probleas  and  their  solutions 
fcr  passive  solar,  earth-sheltered  bouses. 

IVAIOATICM:  Good. 


V* 


APPENDIX  A 


Moderately  Important  Institutional  Issues 
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APPENDIX  A 


Moderately  Important  Institutional  Issues  Affecting  the  Utilization  of 
Earth-Sheltered  Residences 


In  the  body  of  this  report,  a  number  of  issues  are  identified  as 
important  in  relation  to  three  different  types  of  earth-sheltered 
development:  hazard-mitigat ing,  earth-sheltered  residences;  crisis- 
upgradable  earth  shelters;  and  entire  earth-sheltered  neighborhoods  or 
communities.  It  is  possible  that  an  issue  can  be  most  important  in 
relation  to  one  or  more  of  these  types  of  development  and  moderately 
important  in  relation  to  another.  This  Appendix  presents  a  discussion 
of  those  issues  identified  in  the  text  as  moderately  important  in 
relation  to  the  adoption  and  use  of  one  or  more  of  the  above  types  of 
earth  shelters  and  not  discussed  in  more  detail  elsewhere  as  most 
important  relative  to  another  type. 

Issues  Related  to  the  Desire  to  use  Earth-Sheltered  Residence 

Expression  of  Personal  Values.  To  many  homeowners,  the  choice  of  a 
dwelling  unit  can  be  a  statement  of  personal  values.  For  some,  the 
purchase  of  an  earth  shelter  constitutes  a  positive  assertion  of  the 
buyer's  innovativeness,  environmental  concern,  and  energy  awareness. 
The  evolving  symbolism  associated  with  earth-sheltering  and  future 
trends  in  national  values  is  likely  to  affect  public  response  to  this 
residential  option. 

Conforming  to  Socially  Accepted  Image.  While  some  potential  home  buyers 
are  interested  in  making  a  statement  about  their  independence  and 
innovativeness  by  their  choice  of  a  dwelling  unit,  many  others  are 
interested  in  projecting  an  image  more  in  conformity  with  mainstream 
tastes  and  values.  For  this  latter  segment  of  the  home  buying  public, 
earth-she 1 tered  housing  may  be  unacceptable  to  the  extent  that  its 
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external  appearance  departs  from  more  conventional  dwelling  units 
(Moreland,  1983).  This  barrier  to  the  adoption  of  earth-sheltering  can 
be  addressed  in  the  short  term  by  the  design  of  structures  which  depart 
as  little  as  possible  from  aboveground  structures,  possibly  through  the 
use  of  traditionally-styled  front  elevations  and  exposed  roofs.  In  the 
longer  term,  the  issue  of  conformity  could  dissolve  as  a  barrier  to 
adoption  if  earth-sheltered  dwellings  become  widely  accepted  by  society 
at  large. 

Issues  Related  to  the  Construction  of  Earth-Sheltered  Residences 

Building  Regulations.  8u 1 1 d i n g  regulations  are  frequently  cited  as 
major  obstacles  to  the  construction  of  earth-sheltered  dwellings. 
Specifically,  the  model  building  codes  that  are  widely  adopted  by  local 
governments  throughout  the  country  have  come  under  fire,  as  have  the  HUD 
Minimum  Property  Standards  (MPS)  which  are  used  to  judge  the  eligibility 
of  residential  structures  for  federal  loan  insurance  programs.  Major 
provisions  that  are  found  in  at  least  one  model  code  or  in  the  MPS  and 
that  can  block  earth-sheltered  construction  are:  1)  the  requirement  for 
a  direct  means  of  egress  from  living  and  sleeping  areas  to  the  outside; 
2)  the  requirement  for  windows  opening  to  the  outside  in  every  habitable 
room  for  light  and  ventilation;  and  3)  requirements  for  structural 
integrity  which  don't  address  the  unique  characteristics  of  earth 
shelters.  Without  prescriptive  standaros  that  are  specifically  geared 
to  earth-covered  housing,  developers  choosing  to  build  underground  will 
have  to  prove  equivalent  performance  to  conventional  structures  through 
the  "Alternate  Methods  and  Materials  Provisions"  contained  in  most 
codes.  These  provisions  do  allow  innovation,  but  proving  equivalence  is 
frequently  time-consuming  and  expensive  (Sterling,  Aiken,  and  Carmody, 
1980). 
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Land  Use  Regulations.  The  loca]  zoning  ordinance  is  the  land  use 
regulation  most  frequently  cited  as  a  potential  barrier  to 
earth-sheltered  construction.  Zoning  ordinances  are  generally  much  less 
standardized  tnan  are  building  codes,  but  there  are  several  problem 
characteristics  which  appear  in  many  different  codes.  These j inc lude:  1) 
minimum  height  requirements;  2)  minimum  floor  area  requirements  that 

i 

don't  count  basement  space;  3)  maximum  lot  coverage  requirements;  4) 
minimum  setbacks;  and  5)  outright  prohibition  of  living  underground 
(Sterling,  Aiken,  and  Carmody,  1980).  On  the  positive  side,  natural 
resource  protection  ordinances  which  limit  the  impermeable  surfaces 
allowed  in  a  given  development  can  actually  encourage  earth-sheltered 
development.  j 

Restrictive  Covenants.  Certain  aspects  of  these  binding  Agreements, 
which  are  written  into  individual  property  deeds,  can  present  a  barrier 
to  the  construction  of  earth-sheltered  buildings.  Prohibitions  against 
living  in  basements  and  requirements  that  all  building  plans  be  reviewed 
by  an  architectural  review  board  for  compatabi 1 ity  with  existing 
dwellings  can  be  particularly  troublesome  (Ziebarth,  1980).  | 

i 

Limited  Experience  of  Planners  and  Regulators.  Those  individuals 
charged  with  designing  and  overseeing  community  development  may  not 
understand  the  important  physical  factors,  like  geology  and  hydrology, 
which  affect  the  feasibility  of  building  underground.  They  may  also  be 
unfamiliar  with  the  design  principles  governing  this  type  of 
development,  particularly  at  the  neighborhood  or  community  scale.  This 
lack  of  understanding  can  prevent  planners  and  regulators  from  giving 
positive  guidance  to  prospective  builders  of  earth-shel tered  structures 
and,  at  the  same  time,  can  limit  their  willingness  to  approve!  this  kind 
of  dwel ling. 
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Availability  of  Inexpensive  Designs  and  Plans.  The  availability  of 
relatively  inexpensive  designs  and  plans  for  earth-covered  structures 
could  reduce  developers'  need  for  expensive  architectural  and 
engineering  services  and  increase  their  familiarity  with  the  type  of 
building.  Wide-spread  availability  of  plans  for  earth-covered 
structures  can  increase  the  likelihood  that  they  will  be  taken  seriously 
by  the  building  community,  as  well  as  boosting  awareness  of  this 
building  type  among  the  home  buying  public. 

Innovation  in  the  Construction  Industry.  The  construction  industry  is 
generally  reputed  to  be  very  conservative,  a  characteristic  that 
manifests  itself  in  a  slowness  to  adopt  new  building  practices.  It  is 
unlikely  that,  without  intervention,  the  willingness  to  innovate  will  be 
any  greater  in  the  case  of  earth-sheltered  housing  than  it  has  been  in 
the  past.  Indeed,  there  are  some  strong  forces  pulling  against  rapid 
acceptance  of  earth-sheltered  construction,  including  the  need  for 
conventional  builders  to  learn  new  construction  skills,  to  invest  in  new 
equipment,  and  to  employ  additional  architectural  and  engineering 
services,  at  least  during  the  learning  process  (Sterling,  Aiken,  and 
Carmody,  1980). 

Issues  Related  to  the  Use  of  Earth-Sheltered  Residences 


Resale.  When  an  owner's  use  of  an  earth-sheltered  structure  draws  to  a 
close,  he  or  she  faces  the  issue  of  resale.  There  is  very  little 
information  on  the  resale  value  of  earth-sheltered  houses  (Korell, 
1978),  although  the  little  data  there  are  indicate  that  at  least  some 
units  have  sold  at  good  prices  (Earth-Shelter  Digest,  1981).  Still,  the 
overriding  uncertainty  of  resale  value  can  have  a  negative  impact  on 
both  lenders  and  prospective  buyers. 
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Interior  Environmental  Quality.  "Indoor  air  pollution"  can  be  a  problem 
for  the  occupants  of  earth-sheltered  residences  due  to  the  tightly- 
sealed  nature  of  the  typical  earth  shelter.  Some  observers  have  also 
pointed  to  the  potentially  hazardous  concentrations  of  radioactive  radon 
gas  that  can  occur  in  some  earth-covered  buildings  (May,  1981).  These 
problems  can  be  addressed  through  the  provision  of  adequate  ventilation 
systems,  intelligent  building  operations,  and  the  prudent  choice  of 
bui lding  materials. 

Access  to  Structure.  Access  to  the  buried  walls  and  roof  of  an  earth- 
covered  structure  for  any  needed  repairs  or  remodelling  could  be 
difficult  and  costly.  Access  to  the  structure  for  the  performance  of 
emergency  services  like  fire  protection  could  also  be  more  difficult 
than  for  aboveground  houses,  as  could  be  the  related  function  of 
emergency  egress.  These  potential  problems  could  diminish  the 

attractiveness  of  earth-covered  dwellings. 

Energy  Use.  The  energy  needed  for  space  conditioning  is  likely  to  be 
much  less  for  an  earth  shelter  than  for  a  conventional  structure, 
particularly  if  passive  solar  heating  is  utilized  (Earth-Sheltered 
Housing  Design,  1978).  The  resulting  lower  energy  bills  are  expected  to 
be  very  attractive  to  residents  and  also  to  increasing  numbers  of 
lenders. 

Issues  Related  to  the  Community-Wide  Effect  of  Using  Earth- 

Sheltered  Residences 

Energy  Consumption.  As  discussed  earlier,  energy  required  for  space 
conditioning  is  likely  to  be  much  less  in  earth-sheltered  than  in 
conventional  structures,  especially  where  passive  solar  heating  is 
provided.  The  consequent  reduction  in  energy  demand  should  have 
benefits  for  the  society  at  large  as  well  as  for  the  individual 
occupants.  Greater  energy  independence  is  widely  accepted  as  a 
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worthwhile  social  goal,  the  benefits  of  which  range  from  increased 
autonomy  at  the  community  level  to  strengthened  national  security.  In 
addition  to  saving  energy  normally  required  for  space  conditioning, 
additional  savings  could  be  realized  in  the  transportation  sector  if 
higher  residential  densities  lead  to  increased  use  of  mass  transit,  and 
also  in  the  area  of  embodied  energy  as  higher  densities  result  in 
shorter  street  and  utility  lines. 


Changes  on  Existing  Building  Industry.  Should  the  use  of 
earth-sheltered  housing  become  widespread,  there  are  likely  to  be 
significant  effects  for  the  existing  building  industry.  It  is  expected 
that  the  builders  of  conventional  aboveground  structures  will  see  their 
business  decline  unless  they  acquire  the  skills  and  equipment  needed  for 


subterranean  construction.  At  the  same  time,  those  builders  and 
developers  with  capabilities  in  this  area  should  see  their  activities 
increase.  Similar  impacts  are  likely  among  building  material  suppliers, 
as  well. 


Social 


Impacts  Arising  from  Pol ic 


Initiatives  to  Stimulate 


Earth-Sheltering.  Government  policy  initiatives  taken  to  encourage  the 
use  of  earth-sheltering  hold  the  potential  for  causing  unintended 
impacts  to  society.  At  the  least  such  initiatives,  by  speeding  the 
diffusion  of  innovation  can  accelerate  those  societal  impacts  likely  to 
result  from  the  widespread  adoption  of  earth-covered  residences.  In 
In  addition,  these  policies  could  encourage  different  rates  of  adoption 
among  different  socioeconomic  groups,  thus  resulting  in  varying  degrees 
of  benefit  for  distinct  segments  of  society.  Government  policy 
initiatives  could  also  encourage  more  involvement,  and  hence  greater 
profits  for  one  type  of  contractor  or  supplier  (e.g.  small  or  large 
residential  or  commercial)  than  another.  The  equity  implications  of 
such  differential  benefits  resulting  from  government-sponsored  actions 
will  have  to  be  closely  examined  by  prospective  pol icy-makers . 
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Disaster  Protection,  It  is  expected  that  hazard-mitigating  and 
crisis-upgradable,  earth-she 1 tered  structures  can  offer  significant ’y 
greater  hazard  protection  than  do  conventional,  aboveground  residences. 
The  societal  benefits  resulting  from  the  decreased  loss  of  life  and 
property  in  case  of  a  natural  or  man-made  disaster  could  be  significant. 

Public  Access  to  Earth-Sheltered  Dwellings  in  Case  of  Disaster.  In  the 
event  of  an  impending  disaster,  individuals  other  than  the  actual 
occupants  may  desire  the  protection  afforded  by  crisis-upgradable 
structure.  Important  questions  that  arise,  therefore,  are  "What  can  be 
done  to  encourage  the  owners  of  such  structures  to  share  their  homes 
with  others  during  an  emergency?"  and,  conversely,  "What  can  be  done  to 
protect  an  owner's  right  not  to  share?"  It  is  expected  that  these 
questions  may  be  addressed  at  the  state  or  local,  rather  than  the 
federal,  level  of  government. 


t 
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APPENDIX  B 

Least  Important  Institutional  Issues  Affecting  the  Ut i 1  Nation  of 

Earth-Sheltered  Residences 


This  Appendix  presents  a  discussion  of  those  issues  that,  while 
potentially  significant,  are  considered  least  important  relative  to  the 
other  issues  identified  in  effecting  the  adoDtion  and  use  of  individual 
earth-sheltered  dwellings  and  entire  neighborhoods  and  communities. 
None  of  the  issues  described  below  were  discussed  in  the  body  of  the 
report  or  in  Appendix  A. 

Issues  Related  to  the  Use  of  Earth-Shel tered  Residences  Maintenance 
of  Structure.  The  limited  area  of  exposed  exterior  walls  and  roofs  in 
earth-sheltered  structures  could  make  these  units  require  less 
maintenance,  thus  increasing  their  attractiveness  to  users  (Sterling, 
Aiken,  and  Carmody,  1980).  On  the  other  hand,  any  failure  in  exterior 
water-proof ing  could  be  extremely  problematic. 

Taxation.  As  long  as  the  initial  costs  of  earth-sheltered  structures 
are  higher  than  for  conventional  structures,  property  taxes  based  on 
housing  value  will  provide  a  disincentive,  though  not  necessarily  a 
major  one,  for  potential  adopters. 

Insurance.  There  has  been  little  research  on  the  costs  of  insuring 
earth-covered  housing  and  whether  they  would  differ  from  the  costs  for 
conventional  structures.  The  costs  for  earth-sheltered  insurance  could 
well  be  lower  because  of  the  fire  resistant  nature  of  this  type  of 
structure  (Muller  and  Taylor,  1980),  On  the  other  hand,  there  is  a 
slight  chance  that  insurance  costs  could  be  somewhat  higher,  at  least 
initially,  because  of  the  possibility  of  difficulties  with  access  and 
egress  in  _ase  of  fire.  In  any  case,  the  difference  in  cost  between 
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and  aboveground  structures  can  be  expected  to 
ed  to  all  the  other  expense  of  home  ownership 


Ease  of  Interaction  with!  Neighboring  Units.  Because  of  the  submerged 
nature  of  earth-shelteredj dwel 1 ings,  interaction  among  neighboring  units 
could  be  diminished.  This  could  bring  increased  privacy,  but  it  could 
also  lead  to  decreased  opportunities  for  "neighboring." 

! 

Protection  from  Intrusion  or  Vandalism.  Because  they  have  fewer  exposed 
surfaces,  it  expected  that  earth-sheltered  houses  could  afford 
greater  protection  against  intrusion  (Muller  and  Taylor,  1980)  and 
certain  forms  of  vandalism,  increasing  the  appeal  for  present  and 
prospective  users.  On  the  other  hand,  earth-sheltered  rooftops  and 

i 

their  vents  and  chimneys  are  often  exposed  on-grade,  making  them 
accessible  for  various  kiqds  of  mischief. 


Legal  Liability  Linder  Doctrine  of  Attractive  Nuisance.  According  to  one 
of  our  respondents  (Ziebarth,  1982),  earth-sheltered  dwellings, 
particularly  those  with;  landscaped  roofs  adjacent  to  substantial 
drop-offs,  can  present  a  potential  legal  liability  for  the  owners. 


Issues  Related  to  the  Commu  ity-Wide  Effects  of  Usinc 
tarth-She  r  Kesidences  " 


Environmental  Protection.  Substanti  use  of  earth-sheltered  structures 
could  result  in  significant  oositive  effects  to  the  natural  environment. 
Open  space  can  be  preserved  and  wildlife  communities  can  thrive,  even  in 
built-up  areas,  through  careful  earth-covered  design  and  construction. 
Urban  heat  islands  can  be  lessened,  and  air  pollution  and  carbon  dioxide 
emissions  can  be  minimized  because  of  the  reduced  need  to  burn 
conventional  fuels  to  heat  earth-sheltered  structures.  Urban  run-off 
and  consequent  water  pollution  can  also  be  greatly  reduced  and  ground 
water  recharge  increased  because  fewer  impermeable  surfaces  are  created 


/ 


in  earth-sheltered  developments  (LaNler,  10,7).  On  the  negative  side  is 
the  possibility  of  subsidence  or  changes  in  drainage  patterns  resulting 

from  construction,  but  these  are  likely  to  be  avoided  by  careful 
planning  and  design. 


Appendix  C 
QUESTIONNAIRE 

Institutional  Factors  and  Policy  Options  Related 
to  the  Utilization  of  Earth-Sheltereo  Structures 

Under  the  sponsorship  of  the  Federal  Emergency  Management  Agency 
(FEMA,  we  are  seeking  to  increase  our  understanding  of  tne  institutional 
issues^  affecting  private-sector  adoption  of  earth-sheltered 
structures  and  of  those  policy  options  that  can  be  used  to  address  these 
issues  and  encourage  the  use  of  this  building  type.  Specifically,  we 
are  interested  in  those  issues  that  are  likely  to  arise  in  conjunction 
with  the  private  sector  development  of  hazard-mitigating  earth-sheltered 
structures?  and  crisis-upgradable  earth-she Iters, ?  as  well  as  from 
the  development  of  entire  earth-sheltered  neighborhoods  and  communities 
and  the  use  of  privately-owned  structures  to  provide  community  pro¬ 
tection  in  times  of  crisis. ^  Your  help  is  needed  in  dentifying  and 
evaluating  potential  institutional  issues  and  policy  options  in  these 
areas.  While  FEMA  is  interested  in  encouraging  all  kinds  of  earth-- 
sheltered  structures,  the  primary  emphasis  of  this  study  is  on  low  to 
moderate  density  residential  developments. 

^Institutional  issues  are  broadly  defined  here  as  those  issues  re¬ 
lated  to  the  social  institutions  and  interactions  necessary  for 
adoption  of  a  technology,  as  opposed  to  those  technical  issues 
directly  related  to  the  physical  characteristics  of  the  technology 
itself.  Examples  of  institutional  issues  that  are  important  to  the 
adoption  of  earth-sheltered  structures  are  the  effects  of  land  use 
regulations  promulgated  by  local  governments  and  the  ability  of  the 
construction  industry  to  adopt  new  building  techniques  and  materials. 

?A  hazard-mitigating  earth-sheltered  structure  is  one  that  provides 
protection  from  natural  hazards  like  tornadoes  and  earthquakes,  and 
possibly  some  protection  from  nuclear  weapons  effects  as  well, 
modification. 

3a  crisis-upgradable  earth-sheltered  structure  is  one  that  provides 
protection  from  the  hazards  mentioned  above  and  can  also  be  upgraded 
in  roughly  one  day's  tire  to  withstand  a  weapuns-induced  pressure  or 
15  to  30  pounds  per  square  inch  ( PS  I ) .  Such  a  structure  woulo  be 
distinguished  from  a  typical  elevational  eartn-sneltered  building  by 
having  more  massive  front  walls,  a  few  extra  bearing  walls 
internally,  places  inside  for  expedient  columns  and  lintels,  and 
movable  landscaping  components  like  paving  blocks  and  planters  that 
can  be  stacked  n  front  of  the  structure  for  added  protection. 

^These  structures  would  have  an  every-day  use,  as  a  residence  or 
business  for  example,  and  a  crisis  use  as  a  cooperative  shelter.  As 
much  of  the  structure  as  possible  should  be  usable  as  shelter  space. 
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Institutional  Issues 


A  set  of  institutional  issues  that  could  arise  in  conjunction  with 
t.he  utilization  of  earth-she  1  tered  structures  is  presented  below.  The 
first  page  present  five  major  types  of  issue  which  were  identified 
during  a  preliminary  study.  Subsequent  pages  list  specific  issues  that 
could  arise  in  each  of  these  general  areas. 


Please  read  through  the  entire  list  and  answer  these  two 

questions: 

1.  Are  there  any  important  institutional  issues  that  could 
accompany  the  adoption  of  earth-she 1 tered  buildings  that  are 
not  included  here?  If  so,  please  list  and  explain. 

2.  Of  all  the  issues,  which  do  you  consider  most  important  arid 
which  least  important  in  affecting  the  adoption  and  use  of 
earth-shel  tered  structures?  Please  explain. 

-  Indicate  your  response  directly  on  the  list  of  issues  or  on  the 
blank  pages  provided  at  the  end  of  this  questionnaire. 


It  should  be  noted  that  the  institutional  'ssues  listed  here  were 
identified  primarily  from  a  study  of  the  develooment  of  individual 
hazard-mitigating  earth  shelters  that  could  provide  community  protection 
in  times  of  crisis.  Little  effort  was  made  during  this  preliminary 
study  to  identify  issues  arising  from  the  construction  of  crisis- 
upqradao  'e  shelters  or  the  development  of  earth-she! ter  ing  on  the 
neighborhood  or  community  scale.  Issues  related  to  this  type  of 
development  might,  therefore,  deserve  extra  attention  in  your  review. 


«“* 
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INSTITUTIONAL  ISSUES  AFFECTING  THE  UTILIZATION  OF 


I.  Issues  Related  to  the  Desire  to  Use  Earth-Sheltered 
Structures 

II.  Issues  Related  to  the  Construction  of  Earth-Sheltered 
Structures 

III.  Issues  Related  to  the  Ability  to  Purchase  Earth-Sheltered 
Structures 

IV.  Issues  Related  to  the  Use  of  Earth-Sheltered  Structures 

V.  Issues  Related  to  the  Community-Wide  Effects  of  Using 
Earth-Sheltered  Structures 
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INSTITUTIONAL  ISSUES  AFFECTING  THE  UTILIZATION  OF 


I.  Issues  Related  to  tne  Desire  to  Use  Earth-Sheltered  Structures 

A.  Aesthetics 
8.  Livability 
C.  Safety 

0.  Soundness  of  Investment 

E.  Expression  of  Personal  Values 

II.  Issues  Relating  to  the  Construction  of  Earth-Sheltered  Structures 

A.  Building  Regulations 

B.  Land  Use  Regulations 

C.  Restrictive  Covenants 

0.  Limited  Experience  of  Planners  and  Regulators 

E.  Financing  of  Construction  Loans 

F.  Innovation  in  the  Construction  Industry 

G.  Legal  Liability  During  Construction 

H.  Provision  of  Utilities 

I.  Ownership  of  Underground  Space 

III.  Issues  Related  to  the  Ability  to  Purchase  Earth-Sheltered 
Structures 

A.  Availability  of  Suitably  Trained  and  Equipped  Residential 
Contractors 

B.  Availability  of  Inexpensive  Designs  and  Plans 

C.  Appraisal  of  Earth-She 1 tered  Structures 

0.  Use  of  Life-Cycle  Costing  in  Loan  Decisions 

E.  Mortgage  Insurance  for  Earth-She 1 tered  Structures 

F.  Resale  of  Earth-She 1 tered  Mortgages 

IV.  Issues  Related  to  the  Use  of  Earth-She ! tered  Structures 

A.  Maintenance  of  Structure  and  Interior  Environmental  Quality 
3.  Access  To  Structure 
C.  Energy  Use 
0.  Taxation 

E.  Insurance 

F .  Resale 

G.  Emergency  Use  of  Earth-She 1 tered  Structures 

H.  Ease  of  Interaction  with  Neighboring  Units 

I.  Protection  from  Intrusion  or  Vandalism 
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V.  Issues  Related  to  Community-Wide  Effects  of  Using  Earth-Sheltered 
Structures 

A.  Housing  density 

B.  Urban  Form 

C.  Environmental  Protection 
0.  Provision  of  Utilities 

E.  Energy  Consumption 

F.  Disaster  Protection 

G.  Public  Access  to  Earth-Sheltered  Dwellings  in  Case  of  Disaster 

H.  Neighborhood  Concept 

I.  Changes  in  the  Image  of  the  City 


J 
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Policy  Options 


A  set  of  potential  policy  options  to  address  the  institutional 
issues  listed  previously  and  encourage  the  utilization  of  earth- 
sheltered  structures  is  presented  below.  The  first  page  presents  nine 
general  policy  directions  identified  during  a  preliminary  study  and 
the  subsequent  pages  list  a  number  of  focused  policies  that  could  be 
enacted  in  each  of  these  general  areas. 


Please  read  through  the  entire  list  and  answer  these  three  questions: 

1.  Are  there  any  important  policies  that  could  be  used  to  encourage 
earth-sheltering  that  are  not  included  here?  If  so,  please  list  and 
explain. 

2.  Of  all  the  policy  options,  which  do  you  consider  to  have  the 
greatest  near-term  cnance  of  success  and  which  should  be  least 
successful  in  stimulating  the  use  of  earth-sheltered  structures? 
Please  explain. 

3.  (OPTIONAL)  What  do  you  anticipate  will  be  the  major  societal  impacts 
of  implementing  these  policies  which  you  consider  most  promising? 
Please  pay  particular  attention  to  impacts  that  may  be  unintended 

or  unanticipated. 

-  Indicate  your  response  directly  on  the  list  of  policy  options  or  the 
on  blank  pages  provided  at  the  end  of  this  questionnaire. 


Again,  it  should  be  noted  that  the  policy  options  listed  below  were 
developed  primarily  to  encourage  the  development  of  individual 
hazard-mitigating  eartn-she  1  ters  that  can  also  provide  community 
protection.  Little  effort  was  made  during  the  preliminary  study  to 
identify  policies  specifically  designed  to  stimulate  the 
construction  of  cr  isis-upgradabls  eartn-shel ters  or  to  promote 
earth-sheltering  on  the  neighborhood  or  community  scale.  Policies 
to  serve  these  latter  two  purposes  might,  therefore,  deserve  extra 
attention  in  your  review. 
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POTENTIAL  POLICY  OPTIONS 

TO  ENCOURAGE  THE  UTILIZATION  OF  EARTH-SHELTERED  STRUCTURES 


1.  Educate  all  Sectors  of  Society  about  Earth-Sheltered 
Structures. 

2.  Enhance  the  Skills  of  Builders  and  Regulators  in  the  Area  of 
Earth-Sheltered  Construction. 

3.  Utilize  the  Taxing  Power  to  Increase  the  Attractiveness  of  the 
Earth-Sheltered  Option. 

4.  Promote  the  Development  of  Building  Standards  and  Regulations 
That  Will  Encourage  the  Further  Use  of  Earth-Sheltering. 

.5.  Promote  Land  Use  Planning  and  Regulation  That  Will  Encourage 
Earth-Sheltering. 

6.  Use  the  Direct  Expenditure  of  Government  Funds  to  Stimulate  the 
Increased  Use  of  Earth-Sheltered  Structures. 

7.  Increase  the  Amount  of  Money  Available  for  Loans  on  Earth- 
Sheltered  Structures  at  Attractive  Rates. 

3.  Assure  the  Availability  of  Attractive  Insurance  Policies  for 
Earth-Sheltered  Structures. 

9.  Assure  the  Availability  of  Building  Materials,  Techniques,  and 
Plans  for  High-Quality,  Cost-Effective  Earth-Sheltered 
Structures. 
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POTENTIAL  POLICY  OPTIONS 

TO  ENCOUPAGE  THE  UTILIZATION  OF  EARTH-SHELTERED  STRUCTURES 

1.  Educate  all  Sectors  of  Society  about  Earth-Sheltered  Structures 

a)  Educate  the  public  concerning  the  advantages  of 
earth-sheltering  (I)* 

b)  Eaucate  builders  concerning  the  competitive  advantage 
offered  by  large-scale  construction  with  minimum  management 
costs  and  profits  per  unit  (II,  III) 

c)  Educate  public  in  earth-sheltered  construction  techniques  in 
order  to  encourage  owner-built  structures  and  the  reduction 
of  front-end  costs  (III) 

d)  Educate  financial  community  on  advantages  of  earth- 
sheltering  (III) 

e)  Develop  public  education  programs  on  proper  maintenance  and 
ventilation  (IV) 

f)  Compile  and  disseminate  resale  information  (IV) 

g)  Disseminate  information  on  the  use  and  availability  of 
earth-shel tered  structures  for  disaster  protection  (V) 

h)  Educate  local  planning  boards  on  advantages  and  organization 
of  underground  space  (V) 

2.  Enhance  the  Skills  of  Builders  and  Regulators  in  the  Area  of 

Earth-Sheltered  Construction 

a)  Develop  programs  to  retool  builders  and  regulators  (II) 

b)  Distribute  "certified"  builder  training  programs  (III) 

3.  Utilize  the  Taxing  Power  to  Increase  the  Attractiveness  of  the 

Earth-Sheltered  Option 

a)  Subsidize  contractors  through  tax  credit  (II) 

b)  Encourage  "do-it-yourself"  construction  through  tax  credits 
to  individuals  and/or  builders  (III) 

c)  Subsidize  buyers  through  income  tax  credits  (III) 

d)  Increase  taxes  on  conventional  fuels  (IV) 

e)  Pass  preferential  property  tax  rates  (IV) 


♦Numbers  in  parentheses  indicate  the  Institutional  Issues  which  the 
policy  options  address. 


4.  Promote  the  Development  of  Building  Standards  and  Regulations 
that  will  Encourage  the  Further  Use  of  Earth-Sheltering 

a)  Establish  earth-shelter  safety  and  comfort  standards  (I) 

b)  Extend  model  building  codes  and  HUD  Minimum  Property 
Standards  (II) 

c)  Develop  licensing  requirements  for  builders  and  trainers 

(II) 

d)  Promulgate  stringent  energy-use  standards  for  all  structures 

(V) 

5.  Promote  Land  Use  Planning  and  Regulation  that  will  Encourage 
Earth-Shelterir j 

a)  Create  model  earth-sheltered  land  use  controls  (II) 

b)  Develop  and  disseminate  model  solar  access  protection 
measures  (IV) 

c)  Encourage  community  designs  that  optimize  neighborhood 
cohesiveness  (IV) 

d)  Encourage  inclusion  of  underground  space  in  community 
development  plans  (V) 

e)  Develop  model  plans  for  earth-sheltered  neighborhoods  (V) 

f)  Encourage  greater  urban  density  (V) 

g)  Pass  stricter  environmental  controls  for  above-ground 
buildings  (V) 

h)  Require  Environmental  Impact  Statement  for  large  development 
projects  (V) 

6.  Use  che  Direct  Expenditure  of  Government  Funds  to  Stimulate  the 
Increased  Use  of  Earth-Sheltered  Structures 

a)  Build  earth-sheltered  structures  for  sale  or  lease  to 
private  users  (II) 

fc)  Purchase  materials  in  bulk  for  resale  to  individual  buidlers 
in  order  to  minimize  cost  (III) 

c)  Provide  direct  subsidies  for  owners  agreeing  to  share  their 
earth-sheltered  dwellings  in  case  of  emergency  (V) 

7.  Increase  the  Amount  of  Money  Available  for  Loans  on  Earth- 
Structures  at  Attractive  Rates 

a)  Provide  low  interest  assumable  loans  to  promote  resale  (I  & 

HI) 

b)  Expand  loan  insurance  program  (III) 

c)  Provide  construction  loans  (II) 

d)  Establish  loan  insurance  programs  for  construction  loans 

(II) 

e)  Encourage  purchase  of  earth-sheltered  mortgages  on  secondary 
market  (III) 
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8.  Assure  the  Availability  of  Attractive  Insurance  Policies  for 
Earth-She 1 tered  Structures 

a)  Provide  insurance  to  cover  construct ion-per iod  liability 

(II) 

b)  Encourage  preferential  insurance  policies  for  building 
owners  (IV) 

9.  Assure  the  Availability  of  Building  Materials,  Techniques,  and 
Plans  for  High-Quality,  Cost-Effective  Earth-Sheltered 
Structures 

a)  Aid  developers  in  design  refinements  (I) 

b)  Sponsor  research  and  development  to  facilitate 
earth-sheltered  construction  (II) 

c)  Develop  and  disseminate  proven  standardized  plans  for 
earth-sheltered  structures  (II  &  III) 


Thank  You  Very  Much  for  Your  Cooperation. 
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Appendix  D 
Panel  of  Experts 
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Department  of  Architecture  and 
Architectural  Engineering 
Oklahoma  State  University 
Sti 1 Iwater ,  Ok  1 ahoma 

George  Courville 

Oak  Ridge  National  Laboratory 

Oak  Ridge,  TN 

H.  Paul  Friesema 
Department  of  Political  Science 
Northwestern  University 
Evanston,  IL 

Kenneth  Labs 

Undercurrent  Design  Research 
New  Haven/  Connecticut  " 


Harold  Lambright 

Syracuse  Research  Corporation 

Syracuse,  New  York 

Frank  Moreland 

Earth-Covered  Structures,  Inc. 
Fort  Wortn,  Texas 


Ronald  J.  Morony 
Building  Technology  Division 
Office  of  the  Assistant  Secretary 
for  Policy  Development  and 
Research  -  Dept,  of  Housing 
and  Urban  Development 
Washington,  DC 


David  Mosena 
Director  of  Research 
American  Planning  Association 
Chicago,  IL 

David  Roessner 
Technology  and  Science 
Policy  Program 
School  of  Social  Science 
George  Institute  of  Technology 
Atlanta,  Georgia 

Raymond  L.  Sterling,  Director 
Underground  Space  Center 
University  of  Minnesota 
Minneapolis,  Minnesota 

Wi 1 1 i am  A.  Thomas 
American  Bar  Foundation 
Chicago,  Illinois 

Kathleen  Vadnais 
Editor 

Earth  Shelter  Living 
St.  Paul,  Minnesota 

Donald  Watson 
American  Institute 
Architects 

Guilford,  Connecticut 

Allan  M.  Ziebarth 
President 

Earth  Shelter,  Inc. 

Omaha,  Nebraska 
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Construction  Drawings  of  Hazard-Mitigating 
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These  eight  reduced  reproductions  of  working  drawings  jf  a 
Hazard-Mi tigat ing  Earth  Sheltered  Residence  are  too  small  to  be  usable 
as  construction  drawings.  full-sized  copies  of  the  construction 
drawings  suitable  for  reproduction  have  been  submitted  to  Publications 
Management,  Federal  Emergency  Management  Agency,  P08  3131,  Washington, 
DC  20024. 

The  drawings  have  been  carefully  checked  but  the  structure  has  not 
been  test  built  at  the  time  of  tnis  writing. 
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